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PREFACE 



This little volume treats only of the 
*Woolf compound engine, that is, one in 
which the pistons move simultaneously, 
except in Cases V., VI. and VIII., for 
pumping engines; and with the exception 
of V. and VI. the engines may be rota- 
tive; that is, have a main shaft, fly- 
wheel, etc. The rotative engines may 
serve for pumping engines, or any other 
purpose. 

No case is treated in which the cranks 
may be otherwise than all on their lines 
of centers simultaneously except case 
VIII. 

The treatment has been by analysis, 
so far as excessively complex formulas 
could be avoided. When expansion is 
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introduced in the low-pressure cylinder 
the formulas involve too many terms, 
and to account for cushion and clearance 
in addition, the analytical formulas be- 
come useless for practice, if not im- 
possible to obtain. 

For this reason the graphical method 
has been resorted to in treating of the 
details respecting the effects of cushion, 
clearance and expansion in both cyl- 
inders, together with an intermediate 
receiver. 

The graphical method is believed to be 
capable of great service in discussing the 
effects of matters that cannot be con- 
veniently reached by analysis. For this 
reason pains have been taken to extend 
the graphical diagrams to include con- 
siderable detail. It is believed that with 
the diagrams herein presented, the most 
fastidious investigator or designer can 
correctly lay out the theoretical diagrams 
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for any engine of the type here discussed ; 
and settle questions of relative efficiency 
of various modifications as to design or 
dimensions of parts thermodynamically 
involved. In Part I. a method and tables 
are given for finding the relative volumes 
of cylinders for equally dividing the work 
between the two cylinders on the suppo- 
sition of no receiver, clearance, cushion, 
superheating, reheating, fluid friction, or 
back pressure of exhaust. This will 
serve as a guide to an approximate re- 
sult for a practical case where all the 
above-named qualifying causes cannot be 
entirely avoided, With the first ap- 
proximations thus obtained, Part II. will 
serve for securing a more extended re- 
finement of approximation. 

S. W. E. 
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The Woolp Compound Engine Without 
Receiver. 
The compound engine — whatever di- 
versity of opinion may be held by en- 
gineers and others as to its merits as an 
economical expansive engine — has at 
tracted towards itself a very considerable 
share of attention, from the superior re- 
sults that have been obtained by it in 
many instances ; and it is reasonable to 
suppose that, when a certain degree of 
perfection has once been attained in the 
manufacture of any machine, or econ- 
omy secured by any new arrangement of 
its parts, similar machines can be so con-, 
structed as to give out the same results, 
if proper care is taken that the same ar- 
rangement and construction is faithfully 
carried out as in that of the more per- 
fect machine. And when that degree of 
economy has not been obtained from a 
compound engine which had reasonably 
been expected, it would, no doubt, be 
found, if proper inquiry were made, that 
the fault lay, not in the principle that had 
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been adopted, but that sufficient skill had 
not been exercised in properly proportion- 
ing the different parts through which the 
steam had to pass or come in contact on its 
way from the boiler to the condenser, and 
that sufficient means had not been em- 
ployed to prevent or replace any waste of 
heat from condensation and other causes. 

As the compound engine is being now 
so universally adopted in the Mercantile 
Marine Service, and a knowledge of its 
principles absolutely necessary by those 
engaged in attending it, we will, in the 
following remarks, explain these princi- 
ples in as simple a manner as possible, 
and institute a comparison between the 
respective merits of the single-cylinder 
expansive condensing engine and the 
compound engine. 

The compound engine is a high and 
low-pressure condensing engine, having 
two ordinary steam cylinders, the smaller 
or high-pressure cylinder communicating 
direct with the boiler, the larger or low- 
pressure cylinder direct with the con- 
denser, and both with each other. The 
steam is admitted freely from the boiler 
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into the high-pressure cylinder until the 
piston has been moved through a certain 
distance where the valve is so regulated 
that the communication with the boiler 
is entirely shut off, and the remainder of 
the space to be passed through by the 
piston is performed by the expansion of 
the steam now shut up in the cylinder, 
and which, after doing its work in this 
cylinder, passes on to the low-pressure 
cylinder, where it does an equal or pro- 
portionate quantity of work, and then 
passes into the condenser. This is the type 
known as the *Woolf compound engine. 

It has been found from modem prac- 
tice that when the length of stroke of 
both cylinders is the same, it is necessary 
that the condensing cylinder be about 
three times greater in area than the high- 
pressure one, and this proportion is best 
suited when the steam employed is from 
45 to 50 lbs. pressure above the atmos- 
phere, and cutting off the steam after 
being admitted during £ of the stroke 
in the high-pressure cylinder. When the 
steam to be employed is of a less press- 
ure, but the point of cut-off the same, 
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then the relative proportions of the cylin- 
ders must be nearer to each other, and the 
reverse when steam of a greater press- 
ure is to be used. 

The Single Cylinder Expansive Engine. 
To get the maximum of economy out 
of any class of expansive condensing en- 
gine, the pressure of steam and point of 
cut-off must be so regulated that the 
steam passes into the condenser at the 
end of the stroke at a pressure not ex- 
ceeding 5 lbs. above a perfect vacuum, 
and with steam at 45 lbs pressure above 
the atmosphere, which is equal to 60 lbs. 
pressure above a perfect vacuum (the 
pressure of the atmosphere being con- 
sidered as equal to 15 lbs. on the square 
inch), and a terminal pressure of 5 lbs., 
we get, according to Mariotte's law, 12 
expansions, because the pressure at the 
end of the stroke is 12 times lass than 
what it was at the point of cut-off, and is 
expressed by the formula 

where P^pressure at point of cut-off, 
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P 2 =terminal pressure, and R=ratio or 
whole number of expansions. To simplify 
this inquiry the law of Mariotte has been 
assumed throughout, viz., that the pro- 
duct of simultaneous pressures and vol- 
umes is constant. Hence as the pressure 
of dry saturated steam varies nearly in- 
versely as the space it occupies, the steam 
will now fill nearly 12 times the space it 
originally occupied at a pressure equal to 
^th of the original pressure. 

On reference to the annexed table of 
average or mean pressures, it will be seen 
that steam admitted at 60 lbs. pressure, 
and cut-off at ^th part of the stroke ex- 
erts an average pressure =17.32 lbs. per 
sq. in. on the piston throughout the 
whole stroke, and although this is about 
3J times less work than would have been 
done had the steam been used at the full 
pressure of 60 lbs. throughout the whole 
length of the stroke, still only a 12th 
part of the cylinder's contents had been 
filled from the boiler, and the power re- 
quired is thus got by working the steam 
expansively, at a saving equal to about 3£ 
to 1. (See Table A.) 
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Absolute Pressure in Lbs. at Commence - 
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To Calculate the Mean Pressure for 
One Stroke of the Single Cylinder 
Engine. 

As the point of cut-off may be different 
from any of those shown in the table, it 
is as well that the student should be in 
possession of a simple formula for ascer- 
taining the average pressure for himself 
at any time, and the following is given 
to find out the mean pressure during a 
stroke in lbs. per sq. in. Let 
L= Whole length of stroke in inches. 
I = Distance traveled by piston before the 
steam is cut off, in inches. 

R= Ratio or number of expansions = — . 

H=Hyperboliclorgarithm of R. 
P,=Initial pressure of steam in lbs. per 

sq. in. 
jp m =Mean pressure fojr the stroke in lbs. 

per sq. in. 

1 + H* 



Then, />m=P, 



R 



* This formula is based upon tbe law of Mariotte, 
and the Woolf type of compound engine. 
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A table of hyperbolic logarithms is 
also annexed so that H may be found 
without any difficulty. 

Table B. — Of Hypekbolic Logarithms. 

The Hyperbolic Logarithm of a number is 
found by multiplying the common Logar- 
ithm of the number by 2.30259. 

No. Logarithm. 

1.1 0953102 

1.2 1823215 

1.3 2623642 

1.4 3364722 

1.5 4054652 

1.6 4700036 

1 7 5306282 

1.8 5877866 

19 6418538 

2.0 6931472 

2.1 7419373 

2.2 7884573 

2.3 8329090 

2.4 8754686 

2.5 9162907 

2.6 9555113 

2.7 9932518 

2.8 1.0296913 

2.9 1.0647107 

3.0 1.0t>86124 

3.1 1.1314021 

8.2 1.1631508 

3.3 1.1939224 

3.4 1.2237754 . 

3.5 1.2527629 

3.6 1.2809338 

3.7 1.3083328 



No. 


Logarithm. 


3.8.... 


... 1.3350010 


3 9.... 


... 1.3609765 


4.O.... 


... 1.3862943 


4.1.... 


... 1.4109869 


4.2.... 


... 1.4350845 


4.3.... 


... 1.4586149 


4.4.... 


... 1.4816045 


4.5.... 


... 1.5040773 


4.6.... 


... 1.5260563 


4.7.... 


... 1.5475625 


4.8.... 


... 1.5686159 


4.9.... 


... 1.5892352 


5.0. ... 


... 1.6094379 


5.1.... 


... 1.6292405 


5.2.... 


... 1.6486586 


5.3 ... 


... 1.6677068 


5.4.... 


... 1.6863989 


5.5.... 


... 1.7047481 


5.6... 


... 1.7227665 


5.7.... 


... 1.7404661 


5.8.... 


... 1.7578579 


5.9.... 


... 1.7749523 


6.O.... 


... 1.7917595 


6.1... 


... 1.8082887 


6.2... 


... 1 8245493 


6.3... 


... 1.8405496 


6.4... 


.... 1.8562979 
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No. Logarithm. 

6.5 1.8718021 

6.6 1.8870697 

6.7 1.9021075 

6.8 1.9169226 

6.9 1.9815214 

7.0 1.9459100 

7.1 1.9600947 

7.2 1.9740810 

7.3 1.9878743 

7.4 2.0014800 

7.5 2.0149030 

7.6 2.0281482 

7.7 2.0412203 

7.8 2.0541237 

7 9 2.0668627 

8.0 2.0794414 

8.1 2.0918640 

8.2 2.1041341 

8.3 2.1162555 

8.4 2.1282317 

8.5 2.1400661 

8.6 2.1517622 

8.7 2.1633230 

8.8 2.1747517 

8.9 2.1860512 

9.0 2.1972245 

9.1. . .. 2.2082744 
9.2 2.2192034 



No. Logarithm. 

9.8 2.2800144 

9.4. 2.2407096 

9.5. 2.2512907 

9.6 2 2617681 

9.7 2.2721258 

9.8 2.2823823 

9.9 2.2925347 

10.0 2.8025851 

11.0 2.3978958 

12.0 2.4849065 

18.0 2.5649494 

14.0 2.6390572 

15.0 2.7080502 

16.0 2.7726067 

17.0 2.8332841 

18.0... . 2.8903847 

19.0 2.9444497 

20.0 2.9957322 

21.0 8.0445487 

22.0 3.0910562 

28 3.1354964 

24.0 8.1780715 

25.0 3.2188757 

26.0 8.2581099 

27.0 3.2958495 

28.0 3.3322306 

29,0 8.3672992 

30.0 3.4011974 



Simple and Compound Engines Compared. 

In order to arrive at the merits and 
capabilities of the compound engine, let 
us first see what are the results got from 
a single-cylinder condensing engine of 
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given dimensions and cutting off the 
steam to work with a certain number of 
expansions. Let 

D = Diameter of cylinder in inches, 

L = Length of stroke in feet, 

N = Number of revolutions of crank per 
minute, 

p =Mean or average pressure on pis- 
ton, 

then, for arriving at the horse-power we 

use the following formula: 

D a x.7854x2LxNx/>„ 



33,000 



horse-power. 



But as D a X. 7854= area of piston, and 
2L x N = speed of piston in feet per min- 
ute, we will make D 2 X.7854=A, and 2L 
XN-S, the formula then becomes 

AxSx^m_ p 
33,000 - nr * 

and supposing the cylinder to be 24 in. 
diameter, length of stroke=4ft ; number 
of revolutions per minute =50 ; pressure 
of steam at beginning of stroke =60 lbs. 
(all pressures here mentioned are abuve a 
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perfect vacuum), point of cut-off, = T ^th 
part of the stroke, or, after the piston 
has traveled 4 in., so that 

D =24 inches. 

2L=8feet. 

N =50 resolutions. 

P, =60 lbs. 

l + H 
i>m=P, -^-=17.32, we get— 

452.4x400x17.32 ne , 

33.000 =95 horse -P° wer ' 

To distribute this power equally over the 
working parts of a compound engine, it 
is desirable that both cylinders be so pro- 
portioned that they will each give out 
nearly the same power, and that the 
thrust caused by the entrance of the 
steam at the beginning of each stroke be 
the same in both cylinders. 

To attain this with an accuracy suffi- 
cient for all practical purposes, it is neces- 
sary that the low-pressure cylinder be 
larger than the high-pressure cylinder in 
area, by the ratio of expansion that takes 
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place itx the high-pressure cylinder ; that 
is to say, if 

a =afea*of piston in high-pressure cylin- 
der, * 

r t = ratio of expansion in high-pressure 
cylinder, 

A = area of piston in low-pressure 'cylin- 
der, then for equal stroke-lengths 

A =ar x . 

So that if P,— initial pressure in small 
cylinder, and P'= initial pressure in large 
cylinder, the area of large piston, multi- 
plied by P 1 , will be equal to the area of 
small piston multiplied by P 1? thenP'A= 
Pa. 

But the ratio of expansion will now be 
the same in both cylinders, and the ratio 
of the entire expansion in both cylinders 
is equal to R the initial pressure in small 
cylinder, divided by the terminal press- 
ure in large cylinder, hence we get 

P P' P 
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and hencJp : rJ=VTOF. tbe, ratio of $ppn- 

sion Jin Aich^cyliudg r : ^v2!l 1 4 as we Jr lve 
already talh^^&O 1^57%4iPr^^bB., 

we have y — =3.1tWHW!TOareas of the 
5 

two pistons, and also ratio of expansion 
in each cylinder, and consequently =r 1 . 

From the nature of the compound en- 
gine now considered, the area opened up 
for the steam by the movement of the 
large piston is at all times decreased by a 

proportionate part= — ; = 1, by the advanc- 

(XT 

ing area of small piston, so that the space 
actually occupied by the expanding steam 
is == A — 1, and from this we get the 
formula for ascertaining the average 
pressure in the low-pressm*e cylinder of 
a compound engine. 

where r 2 = ratio of expansion in the large 
cylinder, and H' the hyp. log. r,.* 

* See equation (25). 
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Table C. — Showing the Eelative Areas 
or the Two Cylinders of a Compound 
Engine, with the Avebage Pressure in 
Each Cylinder, etc. : 



Pi 


r x P' H ! pm 


p'm 


P"m 


30 


2.449 12.25 1 .896 i 23.23 


7.52 


15.71 


35 


2.645 13.22 I .972 i 26 10 


7.83 


18.27 


40 


2.828 14.14 ' 1.040 i 28.85 


8.04 


20.81 


45 


3.000 


15 00 1.098 


8147 


8.22 


23 25 


50 


3.162 


15.86 ; 1.150 


34 00 


8.40 


25.60 


55 


3.816 


16.58 ! 1.197 


36.44 


8.58 


27.86 


60 


3.464 


17.32 


1.242 


38.83. 


8.74 


30 09 


65 


8 605 


18.02 


1 281 


41.13 


885 


82.28 


70 


3.741 


18.70 


1.319 


43.39 


9.08 


34.31 


75 


3.872 


19.36 


1353 


45.57 


9.11 


36.46 


80 


4.000 


20 00 i 1.386 


47.72 


9.24 


38.48 


85 


4.123 


20.61 


1.415 


49.78 


9.84 


40.44 


90 


4.242 ; 21.21 


1.444 


51.85 


9.44 


42.41 


95 


4.358 


21.80 


1.470 


53.84 


9.56 


44.28 


100 


4.472 


22.36 


1.497 


55.84 


9.64 


46.20 


105 


4.582 


22.91 


1.521 J 57.77 


9.78 


48.04 


110 


4.690 


23.45 


1 545 1 59.69 


9.82 


49.87 


115 


4795 | 23.98 


1.567 


61.57 


9.89 


51.68 


120 


4 898 I 24 45 


1.589 


63.43 


9.96 


53.47 


125 


5.000 25.00 


1.609 65.32 


10.05 


55.27 


130 


5.099 ! 25.50 


1.629: 67 02 


10.13 


56.89 


135 


5.196 26.00 


1.647 


68.77 


10.21 


58 66 


140 


5 291 1 26.46 


1.665 


70.51 


10.26 


60.25 


145 


5 385 1 26.93 


1.683 


72.25 


10.32 


61.93 


150 


5.477 , 27.38 


1.700 


73.95 


10.38 


63.57 


155 


5.567 


27.84 


1.716 


75.67 


10 46 


65.21 


160 


5.656 


28.32 


1.732 , 77.28 


10.52 


66 76 


165 


5.744 


28 72 


1.748 


78.93 


10.58 


68 35 


170 


5.830 


29.15 


1.763 


80 55 


10.64 


69.92 


175 


5.916 


29.58 


1777 


82.14 


10.70 


71.44 


180 


6.000 


30 00 


1.791 


83.73 


10.75 


72.98 


1*5 


6.082 


30.41 


1.805 


85.32 


10.80 


74.52 


190 


6 164 30.82 1.818 


86.86 


10.85 


76.91 
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The accompanying table has been 
drawn out for easy reference in con- 
formity with this rule. The first column 
=P I =the initial pressure of the steam 
above a perfect vacuum on entering the 

small cylinder; the second=r 1 =|/ ^ 

shows the relative areas of the two 
cylinders, and also the number of ex- 
pansions in high-pressure or in the low- 
pressure cylinder; the third column, 
= P' = the terminal pressure in high- 
pressure cylinder, gives the pressure at 
beginning of stroke in the low-pressure 
cylinder; the fourth column, =H' con- 
tains the hyperbolic logarithms of r x ; 
the fifth, =p m , gives the average press- 
ure for a stroke in an equivalent 
single cylinder, for the different values 

of r x and =P, -^- ; the sixth column, 

=/> «w gives the average pressure during 
a stroke in the low-pressure cylinder of a 

H' 

compound engine, and=P' ; and the 
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last column, p" m , gives the average press- 
ure for a stroke in the high-pressure 

cylinder, and =P,— ^ P' •-• 

-K r a — 1 

Now, as the power to be given out by 
both cylinders is to be the same, the 
power that is required to be given out by 

A 95 An ^u * i/60 

A =—=47.o horse-power, and as y — = 

3. 464 P 2 X 3.464 = 17.32 =P', and from the 

above formula we get p' m =17,o2 = 

/y-1 

8.74 lbs. average pressure per square inch 
on piston. So that we can now get what 
area of piston is required to give out this 
power by 

47.5x33,000 ._ OA „ ,. , 
-tt^— s-rfr— =450 = 24 diameter, ' 
400x8.74 ' 

and as the area of the two pistons are to 
each other as 1 to 3.464, we get the area 
of small piston = 130 sq. in. = 13" diameter. 
The work performed in one cylinder is 
here the same as in the other, that is 

Ap'm = Ctp" m , Or -p' m =p'm. 
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But in glancing over the table we see 
that this relation only holds at r x =3.464, 
the only possible expansion for equalized 
work, and for equal expansions in the two 
cylinders. 

Table D. — Of the Pressure, Tempera- 
ture, Volume and Mechanical Effect 
of Steam. 



Absolute 


1 , 


Volume of 


| Mechanical 
i effect of 


pressure 


Correspond-, 


steam 


a cubic inch 


In lbs. 


! ing 


compared 


! of water 


per 
square 


tempera- ■ 
i ture. 


with | 
volume of 


evaporated, 
in lbs. raised 


inch.* 




water. 


1 ft. high. 


1 


102.9 


20868 


1739 


2 


1 126.1 


10874 


1812 


3 


1 141.0 


7437 


1859 


4 


152.3 


5685 


1895 


5 


161.4 


4617 ! 


1924 


6 


169.2 


3897 ' 


1948 


7 


175.9 


3376 ' 


1969 


8 


182.0 


2983 


1989 


9 


187.4 ' 


2674 


2006 


10 


192.4 


2426 ' 


2022 


11 


, 197.0 


2221 


2036 


12 


201.3 


2050 


2050 


13 


205.3 


1904 


2063 


14 


209.1 


1778 


2074 


15 


212.8 


1669 


2086 



*The?e pressures run lower than those given by 
Rankine, Cotterill, Zeuner, Rontgen, &c, by 8 per 
cent, at 30 lbs.; 5 per cent, at 70 lbs ; 7 per c*nt. at 
100 lbs., and upward, per square inch. 
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Table D — (Continued J. 



1 






Mechanical 


Absolute ' 




Volume of 


effect of 


pressure 


Correspond- 


steam 


a cubic inch 


in lbs. 


ing 


compared 
with 


of water 


per 


tempera- 


evaporated. 


square 


ture. 


volume of 


in lbs. raised 


inch.* 




water. 


1 ft. high. 


16 


216.3 


1573 


2097 


17 


219.6 


1488 


2107 


18 


222.7 


1411 


2117 


19 


225.6 


1343 


2126 


20 


228.5 


1281 


2135 


21 


231.2 


1225 


2144 


22 


233.8 


1174 


2152 


23 


236.3 


1127 


2160 


24 


238.7 


1084 


2168 


25 


241.0 


1044 


2175 


26 


243.3 


1007 


2182 


27 


245.5 


973 


2189 


28 


247.6 


941 


2196 


29 


249.6 


911 


2202 


30 


251.6 


883 


2209 


31 


253.6 


857 


2215 


32 


255.5 


833 


2221 


33 


257.3 


810 


2226 


34 


259.1 


788 


2232 


35 


260.9 


767 


2238 


36 


262.6 


748 


2243 


37 


264.3 


729 


2248 


38 


365.9 


712 


2253 


39 


367.5 


695 


2259 


40 


269.1 


679 


2264 


41 


270.6 


664 


2263 



L 



* These pressures run lower than those Riven by 
Rankine, Cotterill, Zeuner, Rontgen, &c, by 8 per 
cent, at 80 lbs.; 5 per cent, at 70 lbs.; 7 per cent, at 
100 lbs., and upward, per square inch. 
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Table D — (Continued). 









Mechanical 


Absolute 




Volume of 


effect of 


pressure 


Correspond- 


steam 


a cubic inch. 


in lbs. 


ing 


compared 
With 


of water 


per 


tempera- 


evaporated, 


square 


ture. 


volume of 


in lbs. raised 


inch.* 




water. 


1 ft. high. 


42 


272.1 


649 


2273 


43 


273.6 


635 


2278 


44 


275.0 


622 


2282 


45 


276.4 


610 


2287 


46 


277 8 


598 


2291 


47 


279.2 


586 


2296 


48 


280 5 


575 


2300 


49 


281.9 


564 


23C4 


50 


283.2 


554 


2308 


51 


284.4 


544 


2312 


52 


285.7 


534 


' 2316 


53 


286.9 


525 


2320 


54 


288.1 


516 


2324 


55 


289.3 


508 


2327 


56 


290.5 


500 


2331 


57 


291.7 


492 


2335 


58 


292.9 


484 


2339 


59 


294.2 


477 


2343 


60 


295.6 


470 


2347 


61 


296.9 


463 


2351 


62 


298.1 


456 


2355 


63 


299.2 


449 


2359 


64 


300.3 


443 


2362 


65 


301.3 


437 


2365 


66 


302.4 


431 


2369 


67 


303.4 


425 


2372 



♦These pressures run lower than those given by 
Bankine, Cotterill, Zeuner, Rontgen, &c, by 3 per 
cent, at 80 lbs.; 5 per cent, at 70 lbs.; 7 per cent, at 
100 lbs., and upward, per square inch. 
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Table D — ( Con t inued) . 



Absolute 

pressure 

in lbs. 

per 
square 
inch.* 


Correspond- 
ing 
tempera- 
ture. 


Volume of 
steam 

compared 
with 

volume of 
water. 


Mechanical 
effect of 

a cubic inch 
of water 

evaporated, 

in lbs. raised 
1ft. high. 


68 


304.4 


419 


2675 


69 


305.4 


414 


2378 


70 


306.4 


408 


2382 


71 


307.4 


403 


2385 


72 


308.4 


398 


23*8 


73 


309.3 


393 


2391 


74 


310.3 


388 


2394 


75 


311.2 


383 


2397 


76 


312.2 


379 


2400 


77 


313 1 


374 


2403 


78 


314.0 


370 


24<>5 


79 


314 9 


366 


2408 


80 


315.8 


362 


2411 


81 


316.7 


358 


2414 


82 


317.6 


354 


2417 


83 


318.4 


350 


2419 


84 


319.3 


346 


2422 


85 


320.1 


342 


2425 


86 


321.0 


339 


2427 


87 


321.8 


335 


2430 


88 


322.6 


332 


2432 


89 


323.5 


328 


2435 


90 


324.3 


325 


2438 


91 


325.1 


822 


2440 


92 


325.9 


319 


2443 


93 


826.7 


316 


2445 



* These pressures run lower than those given by 
Rankine, Cotterill, Zeuner, Rontgen. Ac, by 8 per 
cent, at 80 lbs.; 5 per cent, at 70 lbs.; 7 per cent, at 
100 lbs., and upward, per square inch. 
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Table D — (Concluded)^ 



Absolute 
pressure 
in lbs 
per 
square 
inch.* 


Correspond- 
ing ; 
tempera- 
ture. 


Volume of 
steam 

compared 
with 

volume of 
water. 


Mechanioal 
effect of 

a cubic inch 
of water 

evaporated, 

in lbs. raised 

1 ft. high. 


94 


327.5 


313 


2448 


95 


328.2 


310 


2450 


96 


329.0 


304 


2453 


97 


329.8 


304 


2455 


98 


330.5 


301 


2457 


90 


331.3 


298 


2460 


100 


332.0 


295 


2462 


110 


339.2 


271 


2486 


120 


345.8 


251 


2507 


ISO 


352.1 


233 


2527 


140 


357 9 


218 


2545 


150 


363.4 


205 


2561 


160 


368.7 


193 


2577 


170 


373 6 


183 


2593 


180 


378.4 


174 


2608 



* These pressures run lower than those given by 
Rankine, Cotterill, Zeuner, Eontgen, &c, by 3 per 
cent, at 30 lbs. ; 5 per cent, at 70 lbs. ; 7 per cent, at 
100 lbs., and upward, per square inch. 



Advantage of Compounding. 

From this we can see that for a com- 
pound engine to exert the same power as 
a single-cylinder condensing engine with 
the same number of expansions in both 
cases, the low-pressure cylinder of the 
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compound engine requires to be equal in 
diameter to the single cylinder of the 
condensing engine ; and from this being 
the case, it seems quite reasonable to say, 
that if the power exerted can be got 
from one cylinder with the steam ex- 
panded a certain number of times, it 
would be unwise to add to the expense 
of the engine by expanding the same 
number of times in two cylinders instead 
of one. But as the source of the power 
obtained is the heat passed into the cyl- 
inder from the boiler, and as the econ- 
omical working of the engine depends 
on the greatest quantity of this heat that 
can be converted into power, it is herein 
where the compound engine has the ad- 
vantage over any other class of engine, 
and we will compare the single and the 
compound engine from this point of 
view. 

Condensation Avoided. 

The steam enters the single-cylinder 
engine at a pressure =60 lbs. per sq. in., 
the temperature of which, on reference 
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to the annexed table, will be found to be 
equal to 295.6 deg. After doing its work 
it terminates with a pressure =5 lbs.= 
161.4 deg. in temperature, and con- 
sequently has cooled down the cylinder 
to the same temperature. The fresh 
steam on entering to perform the next 
stroke can only be effective at a tempera- 
ture corresponding to its pressure, and 
it has to part with heat until it brings 
the cylinder up to its own temperature. 
This occasions the condensation of a 
considerable quantity of fresh steam, 
and consequently the amount to be sup- 
plied from the boiler per stroke is in- 
creased. • 

Greater Efficiency of the Steam 
Jacket. 

Now the pressure at the beginning of 
the stroke of the high pressure cylinder 
of the compound engine is the same= 
60 lbs. per sq. in. ; but owing to the 
fewer number of expansions carried out 
in this 'one cylinder, it terminates 
this stroke with a pressure =17.32 lbs. 
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per sq. in., the temperature of which will 
be found on reference to be 220 deg., 
being a difference of only 76 deg. instead 
of 135 deg., or just about one-half. A. 
great part of this waste of the heat that 
is passed into the cylinder can be pre- 
vented by having a space round about 
the cylinder, and at both ends, filled with 
steam at the boiler pressure; but this 
steam jacket, as it is called, is much more 
effective in the compound engine than in 
the single cylinder engine, for this rea- 
son : It has been found from experiment 
that the rapidity with which two volumes 
of steam of different temperatures seek 
to equalize themselves is as the- square of 
their difference in temperature, that is to 
say — that if you mix steam of 200 deg. 
with steam of 100 deg., and steam of 400 
deg. with steam of 100 deg., the differ- 
ence of temperatures of the former be- 
ing as 2 to 1, and of the latter as 4 to 1, 
and as 2 8 =4, and 4 a =16 ; the latter tem- 
peratures will seek to equalize themselves 
four times quicker than the former, and 
as the variation of temperature is much 
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greater in the single cylinder than in 
either of the cylinders of a compound en- 
gine, the heat from the steam jacket must 
pass through the metal with great rapid- 
ity to replace that wasted by condensa- 
tion, and this it cannot do so effectively 
as when the temperatures are not so 
widely varied; and this is one of the 
great advantages possessed by the com- 
pound or double-cylinder engine. 

Beduction op Friction and Torsional 

Moment. 

Another feature in which the com- 
pound engine bears favorable comparison 
with the single-cylinder engine is in the 
difference of the thrust caused by the 
entrance of the steam at the beginning 
of each stroke, and consequently on the 
amount of pressure or friction thrown on 
the crank pin and crank shaft journals, 
compared with the power to be exerted. 
If we multiply the area of piston in 
single cylinder by the initial pressure, 
we get 452x60=27,120 lbs. total press- 
ure, or equal to a blow of fully 12 tons 

Digitized by GoOgle 



36 

at Ihe beginning of the stroke. If, in 
like manner, we multiply the areas of 
both pistons of the compound engine by 
their respective initial pressures we get 
131x60=7,860 and 452x17.32=7,828, 
which being added together, gives a total 
pressure at beginning of stroke when 
both pistons are moving simultaneously 
=15,688 lbs=about 7 tons or little more 
than one-half of that in the single cylin- 
der, and from this it can be easily seen 
that as a less shock is given to the work- 
ing parts by about one-half, the dimen- 
sions of these parts can be made pro- 
portionately less, and a gentler, steadier, 
but equally effective motion is imparted. 

Arrangement op Parts. 

The compound engine, both for marine 
and stationary purposes, has had the 
position of its cylinders and the com- 
binations of its parts arranged in many 
different ways, in some cases to suit the 
space available for its ere tic on, and in 
others, according to the different ideas of 
the different manufacturers ; but the 
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principle being the same in all cases, an 
equal economy should be got if care is 
taken in so proportioning the passages 
for the steam that no undue obstruction 
is caused, and that proper and efficient 
means are employed to prevent any waste 
of heat as far as possible. 

The principle of the compound engine 
was known as early as 1781, when a 
patent was taken out by Jonathan Horn- 
blower for "employing the steam after 
it has acted on the first vessel to operate 
a second time in the other by permitting 
it to expand itself." But Hornblower 
was never able to carry the principle to 
much practical use, owing to the exist- 
ence of Watt's patents at the time. 

The Woolf Engine and Arrangement. 

The earliest compound engine in which 
the principle was practically carried out 
was patented in 1804 by Arthur Woolf, 
and his style of engine has been in use 
almost ever since that date in France and 
on the Continent generally. It is still 
constructed by many engineers in this 
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country, and is known as " Woolf s En- 
gine." It is employed for stationary pur- 
poses only. Both the cylinders are 
placed together at one end of the walk- 
ing beam, the low-pressure cylinder being 
at the outer end, and the high-pressure 
cylinder close up to it with a proportion- 
ately less stroke. This engine had no in- 
termediate receiver, but the steam was de- 
livered from one cylinder direct to the other 
through narrow passages. This arrange- 
ment is perfectly capable of carrying out 
the principle equal to any other. But the 
great pressure it exerts on the main 
center of the walking beam, owing to all 
the power requiring to pass from one 
end of the beam to the other, has caused 
it to be less extensively used than other- 
wise might have been the case ; but more 
especially since 1845, when a patent was 
taken out by Wm. McNaught, wherein 
this great pressure is removed from the 
main center by having the low-press- 
ure cylinder only at the outer end of 
beam, and the high pressure cylinder be- 
tween the main center and the crank, 
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thus haying the power equal on both 
sides of the main center, and the press- 
ure consequently merely nominal at that 
part This arrangement is by far the 
best when the engine has to be of the 
walking-beam class. 

Another good arrangement is carried 
out in horizontal engines, with both 
cylinders lying side by side (generally 
cast together in one piece), and secured 
to a single sole plate ; both piston rods 
are attached to one cross-head, so that one 
connecting rod conveys the whole power 
to the crank, nothing being in duplicate 
but the cylinders. 

Th« Wolff Engine. 

In the compound engine at present so 
largely employed in the British Navy, the 
cylinders, outwardly, are of the same di- 
ameter, but the high-pressure cylinder, 
as previously mentioned, is generally 
made about J the area of the low-press- 
ure cylinder. The space round the actual 
high-pressure cylinder is used to receive 
its exhaust steam, and hence this space is 
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called the receiver. From this it is ad- 
mitted to the low-pressure cylinder. The 
pistons do not move simultaneously, ow- 
ing to the cranks being at right angles to 
each other in this class of engines. For 
a treatment of this form of compound 
engine see Science Series, No. 10. 

Boles for Horse-Poweb. 

It has been explained in the first part 
of this work that the nominal horse-power 
of an engine is ascertained by assuming 
the mean pressure on the piston to be 
equal to 7 lbs. on the square inch, and 
the speed of piston equal to 220 ft. per 
minute. But as both the working press- 
ure and speed of piston have been 
greatly increased since the above rule 
was first adopted, it fails to convey any 
adequate idea of the actual capabilities of 
the engine. Still, in all negotiations con- 
nected with the purchase of a steam en- 
gine, it is, as a rule the nominal horse- 
power alone that is referred to, although 
it is understood that with a pressure, say 
of about 60 lbs., and a piston speed of 
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about 400 ft. per minute, fully six times 
the nominal power is got from a condens- 
ing engine. 

As the term " Nominal Horse-Power " 
is only used when speaking of the steam 
engine as a marketable commodity, a par- 
ticular size of cylinder may be called a 
certain nominal power by one maker, and 
a different nominal power by another, 
and unfair competition often takes place 
by two manufacturers offering for sale 
say an 80 horse-power condensing en- 
gine, one of whom means to give a cylin- 
der 50 in. diameter, whilst the other calls 
a 40 in. cylinder the same nominal power. 
The rules now generally adopted in this 
country to determine the nominal power 
of the different kinds of steam ergines 
are as follows : 

Rule to find the nominal horse-power 
of a high-pressure non-condensing steam 
engine : Square the diameter of cylinder 
in inches, and divide by 12, that is to 
say, a non -condensing engine with a 
cylinder =30 in. diameter, is called a 75 
horse-power engine nominal, although it 
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is capable of giving out at least three 
times the power when a pressure of say 
60 lbs. is employed, and piston speed = 
400 ft. per minute. 

Rule to find the nominal horse-power 
of a single cylinder condensing engine : 
Square the diameter of cylinder in inches, 
and divide by 24, that is to say, that a 
condensing steam engine with a cylin- 
der =30 in. diameter, is called a 37^ 
horse-power engine nominal, but is cap- 
able of working to at least six times its 
nominal power with 60 lbs. pressure and 
speed of piston =400 ft. per minute. 

The rule now generally adopted by ma- 
rine engineers for the nominal power of a 
compound engine is : Add the square of 
the diameter of each cylinder in inches 
together, and divide the sum by 30; that 
is, a compound engine whose condens- 
ing cylinder is 30 in. diameter, and 
high-pressure cylinder 17 in. diameter, is 
called a 40 horse-power compound engine 
nominal. But it is capable of work- 
ing to at least six times that power with 
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60 lbs. pressure and speed of piston == 
I 400 ft. per minute. 

! Indicator Diagrams. 

Some diagrams (Figs. 1 to 8) are here- 
with given, the first two of which are 
theoretical, and the shape that would ac- 
tually be got was there no loss of heat 
during the stroke from condensation or 
other causes. In the theoretical diagram, 
(Fig. 1), showing the expansion curve 
when the steam is expanded 12 times in a 
single cylinder condensing engine, AB 
> represents the total initial pressure of 60 
lbs., BC the constant supply of steam 
from the boiler at that pressure, C the 
point where the steam is entirely shut 
off=-j^th part of the stroke, CD the ex- 
| pansion curve formed by the decreasing 
I pressure of the steam in the ratio that 
| the space it occupies is increased by the 
j advance of the piston, DE represents the 
i terminal pressure, and EA the line of 
] perfect vacuum. In (Fig. 2) the com- 
• pound theoretical diagram, CD is the ex- 
pansion curve formed from the high- 
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pressure cylinder, and DA the expansion 
curve formed from the condensing cylin- 
der, the line FB representing the initial 
pressure of 60 lbs., DE the terminal 
pressure in high-pressure cylinder, and 
initial pressure in low-pressure cylinder? 
and equal to 17.32 lbs., and FA the ter- 
minal pressure in low-pressure cylinder, 
and equal to 5 lbs. 
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THE TWO-CYLINDER COMPOUND ENGINE 



IN WHICH THE 



STROKES ABE SIMULTANEOUS, OB CO-INITIAL 

AND CO-TERMINAL, WITH RECEIVER, 

CUSHION, CLEARANCE, ETC. 



The reader has doubtless observed 
that the preceding part of this little 
volume treats only of the Woolf com- 
pound engine, in which there is no re- 
ceiver and where the high and low- 
pressure cylinders are in immediate 
steam connection, without even allow- 
ance for communicating passages, or 
clearance, between the cylinders ; and 
that the pistons make simultaneous 
movements throughout their strokes : 
Also that the steam is cut off only in 
the high-pressure cylinder, and that the 
work developed in the two cylinders is 
made about equal. 

The following has been added for the 
purpose of making the treatment more 
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complete and general for this particular 
type of compound engine, and to include 
the intermediate receiver, clearance and 
cushion. 

Probably the simplest form for this 
engine is that one much in use for pump- 
ing engines, and illustrated in the accom- 
panying cut, Fig. 9, of a Worthington 
pumping engine. A is the high-pressure 
cylinder, B the low-pressure cylin der 
and C the condenser. 

Steam is admitted directly to A from 
the boiler; from A it is exhausted 
through the pipe shown partly obscured 
by the steam chests, directly to the large 
cylinder B, and from thence it is taken to 
the condenser. 

The piston rods of A and B are both 
connected with one cross-head. When 
the pistons are both moving toward the 
left, high steam enters at the right-hand 
side of the piston A, while from the left 
side the steam passes freely through the 
connecting pipe to the right hand side of 
the piston B, the left side of B being 
open to the condenser. 
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It is evident that the pump might be 
removed and a crank and pitman substi- 
tuted. The engine then becomes "rota- 
tive," that is, has a rotating shaft. 

It is not essential that the pistons both 
move in the same direction at the same 
instant in a rotative Woolf engine, as 
would be the case in Fig. 9 made rotative ; 
but one cylinder might be connected up 
with one crank, and the other cylinder 
with a second crank on the same shaft 
placed at 180° with the first crank. The 
pistons would then move simultaneously 
in opposite directions with strokes co- 
initial and co terminal in points of 
time. 

Or instead of placing the cylinders 
both on one side of the shaft, they might 
be placed on diametrically opposite sides 
of the shaft. Then both could be con- 
nected to the same crank, or two cranks 
at 180° could be put one to each cylin- 
der. 

Again, the cylinders could be arranged 
at quartering points and the cranks like- 
wise. 
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For the cylinders both at one side, 
many ingenious combinations of cylinders 
have been devised, some being of the 
trunk engine form, etc. 

One arrangement is theoretically as 
economical as another, except for con- 
siderations of waste heat, and for large 
intermediate communicating pipes act- 
ing like receivers for remote cylinders. 
The best arrangement for a minimum of 
intermediate passage is where the cylin- 
ders are placed side by side, separated 
only by valves and acting on cranks at 
180°. Then one piston moves opposite 
to the other and the steam passes over 
direct through short passages. 

When the pistons are connected to 
cranks in such manner that the strokes 
are not co-initial and co-terminal, a con- 
siderable volume is required in an inter- 
mediate receiver. The engine then be- 
comes the Wolff engine, the special 
considerations relative to which will not 
be entered upon here, but will be found 
treated in Science Series, No. 10. 

In the study of any form or type of 
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engine, the correct form of the diagram 
of the action of the steam in its passage 
through the cylinders is important; it 
must precede formulas, because formulas 
cannot be established until the steam 
action is perfectly understood. We will 
now attempt to trace the diagram for any 
form of the Woolf engine. 

In Fig. 1 of the first part of this book, 
we have a theoretical diagram of a simple 
one-cylinder, expansive condensing en- 
gine. The line AB is the axis of press- 
ures or the line of zero volumes, and AE 
the axis of volumes or the line of zero 
pressures. To hereafter express this, we 
will only speak of the point A as the 
zero of pressures and volumes. On the 
supposition that the steam expands, ac- x 
cording to the law of Mariotte, the ex- 
pansion curve CD is a common hyper- 
bola, such that the product of a press- 
ure by its corresponding volume is 
equal to the like product for any other 
point. 

A very convenient way for tracing this * 
curve on a drawing board is as shown in 



d by Google 



60 

Fig. 10. Take O as the zero of vol- 
umes and pressures. Then, suppose a 
to be any point in the expansion curve. 
Draw any straight line abed, and make 
cd=ab. Then c is a point in the curve 
required. Ihen draw a second line 
through c and make ab=cd, and a is a 
second point in the curve. Any number 
of lines may be similarly drawn to find a 
like number of points. Thus, when any 
one point is given, as, for instance, C or 
D, Fig. 1, any other points may be easily 
located through which to trace the curve 
CD. See also American Machinist, Dec. 
16, '82; Wm. Lee Church. 

But the actual steam expansion curve 
differs from Fig. 1. It is apt to be 
steeper at the portion near C, and flat- 
ter toward D. This is explained partly on 
the ground of partial condensation in the 
cylinder at the initial expansion, and of 
re-evaporation near the end of the ex- 
pansion. In the average actual indicator 
diagram an hyperbola through C will 
very nearly strike D, for which reason 
this curve is mostly used in the examina- 
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tion of diagrams traced by the indicator 
The position of the actual curve, how- 




ever, will vary much with circumstances, 
and usually the higher the speed the 
lower will be the point D for a given 
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point C. Expansion lines can therefore 
be drawn with a degree of approximation 
with the simple method of tracing given 
in Fig. 10. 

Fig. 2 represents a theoretical indicator 
diagram for a Woolf compound engine. 
The part ABCDA is for the high press- 
ure cylinder ; while the part ADEFA is 
for the low-pressure cylinder. The latter 
is very much smaller than the other ; ac- 
counted for by the fact that the pressure 
ie much lower in the low-pressure cylin- 
der than in the other, while the length is 
made the same by the indicator. In 
studying these diagrams it is convenient 
to increase the length of the low-press- 
ure diagram so that it is as many times 
longer than the high-pressure diagram as 
the low-pressure cylinder is larger in vol- 
ume than the high-pressure cylinder. 

Then if the areas of the high and low 
pressure diagrams are equal, the work 
developed by one cylinder equals that by 
the other. 
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Combined Diagrams. 

To thus enlarge the low-pressure dia- 
gram and put the resulting combined 
diagram into the best shape for study, 
horizontal lines should be drawn through 
the diagram ADEF and increased in 
length by the ratio of the cylinder vol- 
umes as was first done by Eankine and as 
indicated in Fig. 11. lake AE = the 
volume of the high-pressure cylinder, 
and AF = volume of the low-pressure 
cylinder. Then, as in Fig. 2, BCDH 
is the indicator diagram of the high- 
pressure cylinder, and AHDE of the low- 
pressure cylinder as taken by the indica- 
tor itself from the engine. Draw LKJ 
and make L J = LK X ratio of cylinder 
volumes. Then J is a point in the new 
curve ; any number of points in D JG may 
be thus found. Then BCDJGFA is the 
combined diagram, and the work devel- 
oped per stroke of engine will be repre- 
sented by it, also the work developed in 
each cylinder will be represented by its 
respective part of the area BDCH or 
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AHDGF. The area AHDGF is equal to 
the area AHDE X ratio of volumes of 
cylinders as appears from the fact that in 
the transformation of this diagram the 
horizontal dimensions only are altered, 
and these in the ratio of cylinder volumes. 
This diagram supposes no clearance, no 
dead space between the cylinders, no 
cushioning, and no resistance to the mo- 
tion of the motor fluid. 

I.— Diagram of a Compound Engine 
without Receiver ok Clearance, but 
with High-Pressure Cut-Off. 

The action of the steam in passing 
through the engine whose diagram is 
presented in Fig. 1 1, may be thus traced, 
viz., BC is the admission line of steam 
at boiler pressure. • At C the admission 
is arrested by a proper cut-off, when ex- 
pansion goes on till the end of the stroke 
AE is reached for the high-pressure 
cylinder. The expansion curve CD has 
the point A for the zero of volumes and 
pressures ; that is, for hyperbolic expan- 
sion the curve CD is to be constructed by 
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aid of the lines AB and AJ 1 as explained 
in Fig. 10 from the lines Ab and A.d. 
At the end of the stroke of the high- 
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pressure cylinder the volume of steam 
admitted has become AE the volume of 
the high-pressure cylinder. Now a valve 
opens a passageway between the cylin- 
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ders so as to discharge this steam from 
the full high-pressure cylinder into that 
end of the low-pressure cylinder at 
which the stroke is just beginning ; but 
as there is no clearance, &c, this opening 
of the valve makes no change in the total 
volume of steam, the volume being still 
AE. Now the pistons are simultaneously 
to move and make their strokes, the 
steam to flow from the high-pressure 
cylinder into the low-pressure cylinder. 
In this act the volume enlarges from that 
of the high to that of the low-pressure 
cylinder ; that is, from AE to AF, Fig. 
11, and the pressure of this expanding 
steam is the same at any instant in 
the two cylinders it being a back-press- 
ure in the high and a forward-pressure 
in the low-pressure cylinder. Taking 
DG as the expansion line for this change 
of volume, AE to AF, we would have 
some line DLH of back-pressure for the 
high-pressure cylinder. This line begins 
and ends at the same height as the ex- 
pansion line DG, in fact the lines through- 
out are at the same height at correspond- 
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ing points L and J. At these points KL 
is the part of the stroke made by the 
high-pressure cylinder, LJ the part of 
stroke of the low-pressure cylinder, while 
JK is the corresponding increase of vol- 
ume of the steam. The line MN may 
represent the back-pressure line of the 
low-pressure cylinder it being the line of 
pressure of the atmosphere or of the 
condenser. 

Now in the expansion line DG the 
steam expands from the volume AE to 
the volume AF, just as though the first 
or high-pressure cylinder had been long 
enough to have carried the expansion to 
that extent. From this it appears that 
the curve DG is simply the continuation 
of the curve CD, all drawn from A as the 
zero of volumes. 

From this there appears to be no 
gain from compounding, because the 
diagram is the same as though the 
admission and expansion had all taken 
place in the low-pressure cylinder, it- 
self and alone. The advantage in com- 
pounding is to be found outside of the 
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diagram and will be considered else- 
where. 

ii. dlagram of a compound engine 

with no Clearance or Ccjt-Off, but 
with Receiver. 

Let the volume of the high-pressure 
cylinder be BC, of the low-pressure cylin- 
der be BD, and of the receiver AB. Now, 
supposing the engine in continuity of ac- 
tion, the diagram may be traced as follows : 
Represent the admission for full stroke by 
FL. At the end of the stroke the valve 
between the high-pressure cylinder and 
receiver opens when the steam in these 
parts commingle and the pressures equal- 
ize, the cylinder steam expanding and the 
receiver steam being compressed. As 
LF is the volume of the cylinder steam, 
this expansion will be along an expansion 
line FJ with the point C as the zero of 
volumes. The receiver steam will have 
the volume AB, and its pressure will be 
BH=DN=the terminal pressure of the 
low-pressure cylinder. Now as the "fresh " 
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steam FL is introduced, this receiver 
steam will be compressed along a com- 
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pression line HJ with A as the zero of 
volumes. The point J of intersection of 
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these curves gives the resulting pressure 
of the combined steam. The curve ME 
=HJ, giving K=J, might have been 
used. This pressure is that with which 
the low pressure cylinder begins its 
stroke ; and it should be laid off on the 
line at CI, because now the volume of 
steam is AC filling the receiver AB, and 
high-pressure cylinder BC. Now during 
the stroke this steam changes volume 
from AC to AD, because the high-press- 
ure cylinder ejects its steam into the re- 
ceiver, thus giving cause for a reduction 
of volume from AC to AB, while at the 
same time the low-pressure cylinder gives 
cause for an increase to AD, the difference 
being CD, the actual increase as stated. 
The expansion curve IN will be drawn 
with A as the zero of volumes, because 
AC is the lesser and AD the greater of 
the limiting volumes. The back-pressure 
line IH to the high pressure cylinder will 
correspond in height with IN, as ex- 
plained in Fig. 11. The back-pressure 
line to the low-pressure cylinder is to be 
accounted for as to whether the exhaust 
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is into a condenser or into the atmos- 
phere. 

Detrimental Effect of the Receiver. — 
This as a steam diagram differs from that 
of Fig. 11 by a depression of the expan- 
sion line IN from the dotted position 
LN. This engine with its receiver is 
thus seen to be less efficie .it than that of 
Fig. 11 by the absence of the area JLN. 
The smaller the receiver' the less the 
depression or "drop" of the point I. 
For AB=o, I coincides with L. For AB 
=infinity the line IN is horizontal and 
straight. But the point N is fixed, its 
position being entirely independent of 
the volume of the receiver, and will al- 
ways be found on the expansion line 
LN, the latter being drawn with B as the 
zero of volumes. 

This important truth is apparent from 
the fact that at the end of the stroke of 
the low-pressure cylinder we discharge 
just the cylinder full of steam, the 
weight of which is the same as the 
weight of the steam admitted per stroke. 
Assuming the latter the same for two 
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cases, one having a receiver and the other 
not ; then it follows that the weight of 
the low-pressure cylinder full of steam 
exhausted per stroke is the same for both 
cases, so that if the small cylinders are 
of equal size the pressure of the con- 
tained steam at stroke terminations ia the 
same for both ; and also if the large 
cylinders are of equal volumes the press- 
ures of their contained steam will be the 
same in both, thus making the points L 
and N coincide in both cases, both points 
being found on the line LN drawn with 
B as the zero of volumes and pressures 
as stated. This fact gives a ready means 
for locating the point N in tracing a dia- 
gram. 

Comparison with an Indicator. — 
The diagrams taken directly by the ap- 
plication of an indicator to the engine 
will be HFLI for the high, and QHIM 
for the low-pressure cylinders. The re- 
lation of the work performed by the two 
cylinders can be obtained by measuring 
the areas just named with a planimeter, 
multiplying QHIM by the ratio of vol- 
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times and comparing with HFLI . But 
when the low-pressure diagram is ex- 
panded to BD, as in Fig. 12, the areas, 
and consequently the work of the two 
cylinders can be compared by sight, or 
by planimetric measurements. 

The diagram that would be obtained by 
use of only the low-pressure cylinder as 
a simple engine, would be QFLNO, so 
that according to the diagrams the sim- 
ple engine would be more efficient than 
the compound of Fig. 12 by the ratio 

QFLKNOQ 
QFLINOQ 

Re-heating. — The receiver, which is 
responsible for the drop LI, appears by 
the diagram to be a detriment. This 
drop may, however, be more than com- 
pensated by using the receiver for a 
" re-heater " of the steam, by passing 
high steam through it in tubes. The 
intermediate steam may thus be raised 
in temperature to nearly that of the 
boiler steam, and consequently be some- 
what superheated and made to work 
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dry. The whole line IN may thus be 
raised to an extent nearly proportional 
to the elevation of the absolute tempera- 
tures of the steam by superheating, the 
absolute zero being a point about 493° 
F. below melting ice. (See lower part of 
Fig. 22.) 

A small intermediate passage, such as 
shown in Fig. 9, will have the effect of a 
small receiver, and cause its correspond- 
ing drop LI. 

The diagram Fig. 12 supposes no cut- 
off to either cylinder. There may, how- 
ever, be one to both, as in the next 
case. 

III.— Diagram of a Compound Engine 
with a Cut-Off to Each Cylinder, 
and with an Intermediate Receiver. 

In Fig. 13 take BC = volume of high 
cylinder, BD = B'D' = volume of the low 
cylinder, AB = volume of the receiver, 
E = point of cut-off for the high cylin- 
der, and N = the point of cut-off for 
the low cylinder. Also G' = the point 
of release of the steam from the low- 
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pressure cylinder, and QS = the back* 
pressure line of the final exhaust. 

Now admit boiler steam FE, and cut- 
off at E, in the high cylinder BC. This 
steam expands along the expansion line 
EL, drawn with B for the zero of vol- 
umes and pressures. At the stroke ter- 
minal L, the valve between the high cyl- 
inder and receiver opens and the steam of 
these parts commingle ; that of the for- 
mer expanding along the line LJG with 
B for the zero of volumes, and of the 
latter along the compression line TX, 
with A for the zero of volumes. By 
turning over the curve TX, and trans- 
ferring it to MJ, we obtain the intersec- 
tion J, the height of which point above 
AD gives the resulting pressure of the 
commingled steam. A horizontal line 
through J gives I, the point from which 
lines of further action are to be drawn. 

At this point of time the high cylinder 
piston is at the end of stroke, the low 
cylinder piston at beginning of stroke, 
and the volume of steam under action is 
that of AC, which fills the receiver and 
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high cylinder in common. In the ab- 
scence of a low cylinder «ut-off, the stroke 
of pistons now beginning would expand 
the steam from its present volume AC 
to the volume AD, and the pressure of 
release would be DG, the point G being 
on the line ELJ prolonged, as explained 
in Fig. 12. But suppose the low cylin- 
der cut-off occurs at half stroke. This 
cut-off increases the average receiver 
pressure, so that the expansion line IN 
will now cut the line ELG and place N 
outside. To trace the curves G'NIHK, 
we find that the expansion line IN will 
be drawn from I, with A for the zero of 
volumes. To find the point N, suppose 
the cut-off in the low cylinder occurs at 
half stroke. It will also be at half stroke 
of the high cylinder, and the expanding 
volume between pistons at the instant of 
this cut-off will be the receiver AB + half 
the cylinder BC + half the cylinder BD. 
Take BU=i BD, and UW=4 BC= 
BB'. Then N will be found at the point 
where AW=AB + BU + UW=the total 
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"volume expanding from I with the zero 
of volumes constantly at A. 

Now when the steam is cut off at N, 
and at half stroke, the volume inclosed 
in the low cylinder will be the half of 
that cylinder =B'W. Hence the expan- 
sion will go on from N to G' with B' for 
the zero of volumes until we have WD' 
=i BD=£ B'D' completing the remain- 
ing half stroke. The line IH will be in 
common between the two diagrams from 
the same causes, as is DH, Fig. 11, or 
IH, Fig. 12, in common for those' dia- 
grams. Drawing from the half stroke 
point H, the line HB', and also the back- 
pressure line QS, we complete the theo- 
retical diagram for the low cylinder, 
HING'SQH. When the cut-off N oc- 
curs there is shut up in the receiver and 
the high cylinder the volume AB + BB'. 
The remaining stroke of the high cylin- 
der will compress this to AB, giving the 
compression line HK, with A for the zero 
of volumes. Hence the high cylinder 
diagram is FELIHKF. 
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Effect on Distribution of Work of 
the Low Cylinder Cut- Off. — Were there 
no cut-off to the low-pressure cylinder, 
the expansion in this cylinder would ter- 
minate at G instead of at G', and start 
from some point below I. From this it 
appears that the low cylinder cut-off has 
the effect to raise the mean pressure in 
the low cylinder and diminish it in the 
high cylinder. Hence, by applying a 
cut-off to the low cylinder we may in- 
crease the work performed in that cylin- 
der, and diminish that performed in the 
high-pressure cylinder. 

The terminal pressure D'G' will be the 
same as though there were no cut-off to 
the low-cylinder, because the steam ad- 
mitted is FE, and it must occupy the 
same volume B'D'=BD=the low-cylin- 
der full at release, whether there be a low 
cylinder cut-off or not. Hence the ter- 
minal pressure D'G'=DG=CM will be 

D'G'=BF XgB 

if the Mariotte law of expansion is as- 
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sumed to hold. By thus drawing the 
diagram Fig. 18, the relative or total 
areas or work of cylinders may be ob- 
tained. 

To draw IH, take a zero of volumes to 
the right of C a distance 

V 
=AC= 



In the present case, when the receiver 
is very large, the line KHIN comes to 
be nearly horizontal, and is quite so 
for an infinite receiver. When the re- 
ceiver is zero in volume, the cut-off N 
must be dispensed with, and then the 
point I will rise to L. 

IV. — Diagram of a Compound Engine 
with a Cut-Off to Each Cylinder, 
with a Receiver, and with Clearance 
and Cushion. 

In Fig. 14 take AB,=V' = volume of 
the receiver, BC=V 1 = volume of the high 
cylinder, B,B = volume of clearance to the 
high cylinder, B,B a = volume of clearance 
to the low cylinder, and B a D=V a = volume 
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of the low cylinder. Also in the high 
cylinder let E be the point of cut-off, L the 
release, IH the back pressure line for f the 
stroke or till the cut-off occurs in the low 
cylinder, H6 the cushion line against the 
receiver, and bk the cushion line against 
the clearance; and for the low cylinder, let 
I'N be the combined expansion line pre- 
ceding cut-off at £ stroke, NG the expan- 
sion line subsequent to cut-off, SQ' the 
back pressure line, Q'c' the cushion 
against clearance, and HT the counter- 
part of I'N. To better fix the ideas, let 
Fig. 15 represent the main features of the 
compound engine now considered. A 
being the high cylinder, B the low cylin- 
der, C the receiver, F the boiler supply, G 
the exhaust, D the valves for A, and E the 
valves for B. The receiver includes all the 
space between D and E, the clearance of 
one end of A, all the space between D 
and the piston displacement for that end 
of A, and likewise the clearance of B, all 
the space between E and the piston dis- 
placement of B. 

Now supposing the engine in continu- 
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ity of action, let steam be cut off at E, 
Fig. 14, the clearance FT, of course, being 
full of steam also. The expansion for the 
remainder of stroke will give the expan- 
sion line EL, drawn with the bottom of 
the clearance B x , as the zero of volumes. 

This is due to the fact that F'E and not 
FE is the original volume of the steam 
now expanding. At L, the high cylinder 
and its clearance are opened by a valve 
into the receiver, and the steam of these 
parts commingle, that of the former ex- 
panding along a line LJ, and of the lat- 
ter being compressed along the line e'X= 
M J ; both taking a common pressure J at 
the intersection. The point M is under- 
stood in this to give the pressure in the 
receiver and low-cylinder clearance at the 
instant the stroke is ended ; and the valve 
between receiver and low cylinder is 
opened. The pressure M will be explained 
further. 

Drawing a horizontal line through J 
we obtain I for the initial back pressure 
line IH of the high cylinder Y 1 ; and T for 
the initial forward pressure of the low 



d by Google 



85 

cylinder V f , T being distant from I by the 
clearance of V 2 , viz. BjB,. I'H is parallel 
to IH, that is, I1'=HH'. We are now at 
the point of beginning of another stroke 
which will force the remaining steam 
from V, and fill V,. 

At this point of time the total volume 
of steam considered is that of the receiver, 
that of the high cylinder and its clearance, 
and that of the clearance of the low cylin- 
der. It is A B, + B,B + BC + B,B, = a vol- 
ume extending to the point I' where II' = 
B^. This volume will now expand 
along an expansion line I'N with A for 
the zero of volumes. 

The point N is found by laying off the 
total volume for the time of cut off in the 
low cylinder which has been taken above 
at § the stroke. This fraction being the 
same for both cylinders we have H at 
f stroke from I, so that YH = AB, + 
B X B 4- $ BC = receiver + high cylinder clear- 
ance + | high cylinder volume. To this 
add the low cylinder clearance BjB 9 = 
HH =11' ; and also add § the volume of 
the low cylinder, or f B g D and we have 
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the total volume YH + HH' + H'N=YN, 
H'N being equal to f V 9 . Beyond N 
the steam inclosed in the low cylinder will 
expand the remaining §■ of stroke, giving 
the expansion line NG, drawn from B 4 
as the zero of volumes ; where NG, or 
D'W=£ the stroke, NH', or WB 8 =| of 
stroke, and H'H, or B 8 B 4 = clearance. 

The cushion line QV is due to the 
compression of a portion of the exhaust 
steam into the clearance, and is found 
by drawing Qc with B 9 as the zero of vol- 
umes, where Q2=Q'*'. The piston will 
compress the steam to c when further 
compression will result from the reversal 
of the valve and the commingling with it 
of the steam from the receiver. The 
pressure of this latter steam now ad- 
mitted from the receiver is found from 
the point b where the high cylinder 
closes its valve for cushion, and after 
which the receiver is abandoned to itself 
till the end of the stroke is reached. 
This pressure b is B^, and as the steam 
is thus admitted from the receiver the 
pressures B x e and B^ combine at the in- 
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tersection e of the line Qce drawn from 
B s as the zero of volumes, and the line 
ge drawn from A as the zero of volumes. 
The total volume now is AB, and press- 
ure B 9 6', so that the line e'X of further 
compression can be drawn with A as the 
zero of volumes. Transferring this to 
MJ, and prolonging EL to J, we have 
the point of intersection J as that at 
which the steam now released from the 
high cylinder, combines with that in the 
receiver to a common pressure. 

In the high cylinder and receiver there 
will be compression H6, the curve being 
drawn with A as the zero of volumes. 
At b the valve between receiver and high- 
cylinder is supposed to close giving a 
compression line bk 9 which may be pro- 
duced to a, drawn from B,, as the zero of 
volumes. 

The cushioning in the cylinders fills 
part of the clearances so that the steam 
admitted per stroke is aE at the press- 
ure BF, and that exhausted is AG at the 
pressure D'G, the curve Q'c'h being 
understood to be the same as Qce. The 
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last statement enables us to find the 
pressure D'G; and it is= 

DG=BF.g 

according to the Mariotte law of expan- 
sion. 

For convenience in drawing the curve 
HT we observe that the change of vol- 
ume HT is f V,, and the change of vol- 
ume IN is § (V.-VJ, so that HT may 
be drawn from a zero of volumes taken 
at a distance to the right of B,= 

V 

The larger the receiver the more nearly 
horizontal becomes the line 6HII'N, it 
being quite horizontal for an infinite re 
ceiver. On the other hand, the smaller 
the receiver the steeper become the de- 
clivities of that line and the more nearly 
I approaches to L, and the latter should 
be the cut off N. But I never coincides 
with L while clearance exists. 

The cut-off N may be made useful in 
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equalizing the amount of work performed 
by the two cylinders. 

Relative Efficiencies. 

In all the foregoing diagrams the theo- 
retical diagrams have been sought, such 
as are needed for studying the relative 
efficiencies of engines, and not such as 
would be obtained by the indicator. Of 
several engines of different volumes of 
receiver, clearance, cushion, &c, of which 
the diagrams have the same heights BL, 
and the same steam volumes Ea ; that en- 
gine which shows the greatest added area 
of both diagrams has the highest effi- 
ciency. Such efficiency can be investi- 
gated graphically as above, and that 
method is probably the most practical, 
because analytical formulas for such 
cases as the last two above, become so 
excessively complex as to make more 
trouble and labor than will the drawing 
board and planimeter. 
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Doctoring of the Diagrams fob Speed, 
Condensation, Be Heating, etc. 

The faster the engine runs and the 
greater the amount of work done the 
greater will be the resistance to the fluid 
through the passages from the boiler 
through the engine to the condenser or 
atmosphere. This resistance causes a 
lowering of the admission line FE, a 
raising of the exhaust line Q'S, and a 
vertical separation of the lines IHbk and 
HTNG, of Fig. 14, and likewise for the 
other cases. An approximation to the 
amounts of these effects can be obtained 
by the aid of the formulas for flow 
through orifices and pipes, which are, 

For orifices 

u 2 =-^- =2w%7A=64w 9 A nearly, 

and for pipes or passages 

v 8 =-V=47-7-=nOO-— r nearly; 
a 8 fsl si J 

where the head h may be obtained from 
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the pressures and density of steam or 
air by the formula 

»**=£ 

In these formulas v= velocity of fluid 
through orifice or passage, q=the cubic 
feet of fluid per second, a = area of cross 
section, orifice or passage, «= perimeter 
of same section, Z= length of passage, all in 
feet, u = a coefficient of velocity through 
orifice, =0.82 for orifice of entry to a tube, 
or=0.62 for an orifice through a thin 
partition, /= coefficient of friction = about 
0.006, p f — />"=the fall of pressure lbs. 
per square foot in going through the 
orifice or passage, and #=the density or 
weight per cubic foot of the flowing fluid. 
Its value may be obtained from Table D 
by dividing the weight of a cubic foot of 
water (about 62 lbs.) by the value in the 
volume column of table corresponding to 
the pressure for which 6 is sought. 

The formulas apply only for compara- 
tively small falls of pressure, such as that 
from boiler to steam-chest, or from 
steam-chest to cylinder. 
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In selecting the value of 6, care should 
be taken to find its true value. In wet 
steam the moisture should be included. 
From this cause the value of d may rise 
to two, or even three times its value for 
dry steam. 

If w = velocity of piston in feet per 
second, and A = area of piston in square 
feet, we have 

g=Aw 

for steam passages leading to and from 
cylinders. Introducing this, and taking 
u at .8, also eliminating A, we obtain the 
practical formula for entry to passages, 
and for short passages 

AV_ p'—p" 

and for passages only, 

££=11000." £=£ 

a si 6 

Combining the two formulas into one 
for application to passages whose lengths 
vary from 10 to 300 or 400 times their 
thickness, we obtain 
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a \ aj o 

It is generally best to assume a value 
for the " a " in the parenthesis of the last 
formula. 

The rounding of the corners of the 
diagrams can only be done by the judg- 
ment of the engineer. The greater the 
speed of the engine the earlier must be 
the release, in order that the release end 
of the diagram shall not be too sharp at 
the top corner at the expense of exces-' 
sive curtailing of the lower corner. The 
rounding of the cut-off corners must be 
done with reference to both the speed of 
engine and rapidity of closure of cut off 
valve. 

Considerable condensation is liable to 
occur in the high-pressure cylinder when 
it has an early cut-off, so that the ex- 
pansion line for it may fall with undue 
rapidity. This may be avoided in a 
measure by use of the steam jacket. The 
condensed steam .flowing from this cylin- 
der will accumulate in the receiver unless 
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disposed of by escape traps, or by re- 
heating, the latter process consisting of 
placing hot surfaces in or about the re- 
ceiver. These heating surfaces may be 
tubes passing through and containing 
high steam from the main boiler, or from 
a second boiler, which may be at even a 
higher temperature and pressure than 
the steam in the first named one. The 
steam may thus become superheated for 
the low-pressure cylinder. If now no 
water has been drawn off, but if all the 
contents from the high-pressure cylinder 
is changed into superheated steam, then 
the expansion curve for the low-pressure 
cylinder may first be drawn on the sup- 
position of dry steam, and then to be 
raised nearly to the extent of the eleva- 
tion of the absolute temperature of that 
steam above the temperature due to its 
pressure as dry steam. (See Fig. 22). 
The latter temperature is given by tables 
of the properties of steam. (See Table D 
in the first part of this book. If any con- 
densed steam is trapped out, the ex- 
pansion curve of the low-pressure cylin- 
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dermust, provided the steam admitted 
be dry, be below that due to dry steam. 

Pkecise Form of the Expansion and 
Compression Curves. 

In a diagram such as that of Fig. 13 
or Fig. 14, the steam curves differ in 
character. From the standpoint of ther- 
modynamics, the curve EL, for instance, 
is an adiabatic for initial dry steam. 
Steam thus expanding fogs up with 
particles of condensed steam forming 
throughout the mass, and a rainstorm be- 
gins in the cylinder at each stroke. That 
steam does its full work due to expan- 
sion, and EL falls more rapidly than the 
hyperbola. But from L to J the steam 
does but partial work, viz., that under 
the compression curve MJ. The action 
LJ and MJ, of combining, is '* isody- 
namic," that is, no external work is per- 
formed. Both these curves may there- 
fore be drawn as isodynamic curves, they 
being very nearly hyperbolic. 
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If the steam is reheated to superheat 
in the receiver, the line IN will be the 
adiabatic for superheated steam, also the 
line NG. Such lines fall much more 
rapidly than the hyperbola. Compres- 
sion lines, as in cushioning, rise more 
rapidly than the hyperbola, because the 
steam is superheated by the compression, 
and if any water is present, there may 
be re-evaporation. 

The equations of all these curves may 
be expressed approximately by the equa- 
tion, 

pv x = constant. 

in which, for the Mariotte law of expan- 
sion, 05=1. To supply the constant we 
may put the equation in the form 



p x \v/ 



(1) 



An equation which is approved for ordi- 
nary purposes by high authority, and 
will be adopted in thepresenfc case. 
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Table E: — Of Values of ar, and 
Authority. 
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Values of 
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Rankine. 


^=1.11111 


H, and 
1.0646 


1.8 


Not 
given . 


Cotterill. 


1.035+& 


H, and 
1.0646 


<< 


Bet.* 
and 1 


Zeuner... 


" i 1.0646 -1=1.8838 


1.0456 


Rdntgen . 


n n 


a 


" 


a 



This table and the equation will give 
ns the equation of any curve desired. 

In these we not only have authority 
for a variety of values of x, but in m the 
" steam quantity " oo suggests that the 
value of x may be determined even by 
estimation from such facts as may effect 
oo . Accordingly, for an expansion where 
only partial work of expansion is per- 
formed, x may be found to lie between 
4 and 1.0456 for superheated steam. 
When oo =1 we have x =1.135. It is to be 
observed, however, that the form of curve, 
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according to equation (1), is dependent 
on the value of the exponent, so that the 
general equations may be considered as 
suitable for any forms of these lines. 

The table shows a very considerable 
range in the value of x, some going so 
far from g=l, as to advise the abandon- 
ment of the Mariotte law of expansion in 
which x=l. An example of carefully 
computed volumes for several curves and 
chosen pressures will serve to illustrate 
the departure of the expansion lines of 
different kinds from each other. 

Table F. — Example. Steam. 

Absolute Common Saturation Adiabatic 

pressures, hyperbola. curve. curve, 

lbs. vols. vols. vols. 

23. 122.0 122.0 122.0 

50 56.1 58.8 60.6 

83 33.8 36.5 38.4 

Thus for these curves running through 
a point at 23 lbs., and volume 122, at 
about a threefold greater pressure the 
saturation curve deviates 8 per cent, and 
the adiabatic curve 14 per cent, in vol- 
ume from the hyperbola. 
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But as the curve for which aj=l, viz., 
the common hyperbola drawn by its 
asymptotes, is so very convenient for 
tracing, '(see Fig. 10,) and falls so near the 
required curves, we are lead to look for 
some rule by which to "correct over'' 
from the hyperbola to the curves sought. 
Such rule was given by the writer in the 
American Machinist, for Feb. 10, 1883, 
the convenience of which assures the de- 
sirability of the following abstract here : 

Some engineers judge of the steam 
action, leakage of piston, valves, &c., by 
a simple reference to the hyperbola. 
Then what here follows could be dis- 
pensed with, but the more fastidious will 
probably wish to compare with other 
curves, which can be easily laid off from 
this hyperbola by correction, or differ- 
ence quantities as follows, as hinted by 
Cotterill, page 341. 

Differentiate the equation given above, 
regarding x and o as variable. The re- 
sult can be reduced to 

dv dx . . y, dx ' 
— = — hyp. logv — = — Xk 
v x J * B v x 
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in which v t is one volume, as, for in- 
stance, a, Fig. 16, and v, the other, for 
any point as c; and k, a coefficient. 
The logarithmic part, or coefficient, k, 
may be tabulated, and becomes a con- 
venient coefficient, or factor, for the 
second member of the equation, or for 

dx 
the quantity — which quantity is defi- 
nitely known as soon as x is decided 
upon. For instance, take x= 1 ^ L for the 
adiabatic curve, it being 1 for the com- 
mon hyperbola. Then dx will be the 
difference of these values, or ^— 1=£, 

dx 

and — =^. 

x 1U 

If the coefficient were 1, then the cor- 
rection dv would be a tenth of v. 

More definitely, suppose in Fig. 16, 
OB=v, and OA=u ; then the correction 
is ce=^ O A., for the values just named. 

The values for the coefficient, k, are 
given in the table G. 
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Table G: — op Coefficients k. 



11. 


k 


±K 
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D 




V 




1.1 


.095 


3.8 


1.194 


1.2 


.182 


8.4 


1.224 


1.8 


.262 


8.5 


1.253 


1.4 


.336 


3.6 


1.281 


1.5 


.405 


3.7 


1.308 


1.6 


.470 


3.8 


1 335 


1,7 


.531 


3.9 


1.361 


1.8 


.588 


4.0 


1.386 


1.9 


.642 


4.2 


1.435 


2.0 


.693 


4.4 


1.482 


2.1 


.742 


4.6 


1.526 


2.2 


.788 


4.8 


1.569 


2.3 


.833 


5.0 


1.609 


2.4 


.875 


5.5 


1.705 


2.5 


.916 


6.0 


1.792 


2.6 


.955 


6.5 


1.872 


2.7 


.993 


7.0 


1.946 


2.8 


1.030 


7.5 


2.015 


2.9 


1.065 


8.0 


2.079 


8.0 


1.099 


8.5 


2.140 


3.1 


1.131 


9.0 


2.197 


8.2 


1.168 


9.5 


2.251 






10.0 


2.308 
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dx 
Table H: — op Values oy — . 

x 

For the saturation curve, 

17 dx 1 ACQQ 

a: =i6' and ^=r7 =0588 - 

For the adiabatic curve, 

10 .dx 1 ni 

For the adiabatic curve, #=1.035— .1 <» 
and 

dx_ .035— .lo» 

~aT~~l.035-.lo>' 

For the isodynamic curve, a =1.0456 
and 

^=r0456 =(M36 - 

For the adiabatic of steam gas, 
a?=1.3, and 

^ =T 4=.2308. 
x 1.3 

For the adiabatic of gases, x =1.408, 
and 

dx_ .408_ 
z~~ 1.408 
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To illustrate the use of these tables, 
suppose ac, Fig. 16, to be the hyperbola 
of reference (the common hyperbola), 




with Ba=23 lbs., Ac=83 lbs., in abso- 
lute pressures ; and OB, the volume 122, 
as in Table F. Then the volume OA, 
will be 33.8 for the common hyperbola. 



d by Google 



104 

Hence for « =122, and v=33.8;-^ = 3.61. 
1 v 

V 

In Table G, we look under — L for the 

v 

value 3.61 and find the nearest to be 3.6, 

but 3.61 is one-tenth the way over toward 

3.7. Consequently we look for that value 

of k, which lies one tenth the way from 

1.281 toward 1.308, and obtain 1.284=&. 

For Jc, this answers for all the curves. 

Now in Table H, we find, for adiabatic 

expansion of steam, 

x=— and — =0.1 
9 x 

consequently 

— >fe=0. lxl.284=. 1284=— . 
x v 

The correction is therefore cfo=wx.l284 
=33.9 x .1284 = 4.9 = ce, Fig. 16. This 
added to the volume v=OA gives 

v + dfo=33.8 + 4.8=38.7=/6, 

a value which differs less than 1 per cent 
from the computed value 38.4 in Table F. 
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As a second case, suppose the expan- 
sion be according to the saturation curve, 
when by Table H 

x ""17' 
then 

Act 1 

~/fe:=~xl.284=:.0746 
x 17 

and tfy=t>X.0745 = 33.8 X. 0745 = 2.86. 
This added to the volume v gives 

v + dv=SS.S + 2.86=36.7 

a value which differs but slightly from 
the calculated value 36.5 at the foot of 
the second column of Table F. 

In these calculations we observe that 
the volume v, with which to multiply, 
and to which to add, is the one which is 
to be corrected, viz., in this case we seek 
the correction c e, Fig. 16, and hence the 
volume v is to be taken as AO. 

But the rule may be applied the other 
way. That is to say, we may make c the 
point of intersection of the two curves, 
and correct the volume BO. In that 
case k is to be found as before, and given 
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the contrary sign. In fact the whole 

quantity — k will be the same as before, 

except for the contrary sigD ; if the vol- 
umes on the common hyperbola are the 
same, viz., 33.8 and 122. But in this 
calculation we should multiply by the 
volume BO, because the correction is for 
this volume. That is, the correction is 
122 x. 1284= 15.7 for the adiabatic ex- 
pansion, a quantity which, by the accu- 
rate method, is found to be 16.6, differing 
by less than one per cent, of the value 
of BO to be corrected. For the satura- 
tion curve the correction is 122 X. 0745. 
&c. 

For points beyond a the ^correction is 
subtractive instead of additive, and mul- 
tiply tabular quantity by the greater in- 
stead the lesser volume ; that is, by the 
volume to be corrected. 

Let us apply the first rule to correct 
the hyperbolic volume 56.1, to the adia- 
batic volume 60.6, for pressure 50 lbs, 
absolute ; the final volume and pressure 
being 122 and 23 lbs. respectively. 



d by Google 



107 

Dividing greater by lesser volume we 

152 
£ e t ?^i =2.175. For this ratio of vol- 
ob.l 

umes we find k from Table G to be k= 
.777. For the present adiabatic expan- 
sion, Table H calls for --r giving .0777. 

Multiplying by the volume 56.1 gives the 
correction of 4.47. Adding this to the 
volume 56.1 to be corrected, we obtain 
5§.l + 4.47—60.6; or, in this case, exactly 
the value given by the logarithmic calcu- 
lation of Table F. 

This method of corrections by which 
the curves desired can be easily obtained 
from the simple hyperbola, will greatly 
facilitate the graphical method of accur- 
ately calculating the relative efficiencies 
or the relative areas of diagrams, or of 
work performed in the cylinders of com- 
pound engines. 

Actual Efficiency. 

The actual efficiency of the engine is 
obtained by dividing the whole ft. lbs. of 
work performed in both cylinders per 
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stroke by the dynamical value of tb 
heat required to produce the steam con- 
sumed for that stroke. 

Thus, in Fig. 14 the work performed 
per stroke in ft. lbs. is obtained by mul- 
tiplying the mean pressure lbs. per 
square inch in a .cylinder by the pis- 
ton area in square inches, and by the 
length of stroke in feet, and adding the 
products thus obtained for all the cylin- 
ders. Call this quantity U. The mean 
pressure is obtained by taking the mean 
height of the diagrams in the usual way r 
the scale of heights being that of press- 
ures per square inch. To find the mean 
height of a diagram by aid of the plani- 
meter, find the area by the instrument 
and divide that area by the length of the 
diagram expressed to the proper unit. 
If the instrument gives the area in 
square inches divide the area by the 
length in inches, and lay off the result 
as a height in inches on the diagram. A 
horizontal line drawn through this point 
is the line of mean pressure, and that 
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pressure is to be measured by the scale 
of pressures. 

The steam consumed per stroke has. 
already been stated to be Ea, Fig. 14, 
which must now be measured with the 
proper scale. Measured by the same 
scale which makes BC the volume of the 
high cylinder in cubic feet, gives the 
quantity of steam Ea in cubic feet, as 
desired. Call this V',. 

The heat required to produce this 
a team used at a stroke of the high- press- 
ure cylinder will be the total heat of 
evaporation from the temperature of feed 
water, and at the temperature of boiler 
pressure. 

Let V/=the volume of steam required 
per stroke of high cylinder in 
cubic feet,=Ea, Fig. 14. 
D, =the weight per cubic foot of 
the steam Ea, Fig. 14, as sup- 
plied to the engine. 

* U = the ft. lbs. of work performed 
per stroke of whole engine. 
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H,=the dynamical value of the 
total heat of evaporation per 
pound from 32° F. at the 
temperature of boiler press- 
ure steam ; that is, the heat 
to raise the temperature of 
the water from 82° P. to the 
temperature of the steam in 
boiler, added to the latent 
heat of evaporation at the 
latter temperature. (Con- 
venient values are given for 
this in the tables of Ran- 
'Jcines Steam Engine.) 
t x =the actual temperature of the 

feed water. 
J = Joule's equivalent, =772 ft- 
lbs. 

Then the total heat consumed per 
■stroke of engine, or of steam Ea, Fig. 14, 
in dynamical value, or ft.-lb. units, is 

H=V/D 1 (h-J(«-32°)) . (2) 
and the efficiency =-^7- . . . . (3) 
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Area of Diagrams by Calculation. 

Some of the more simple diagrams may 
be more readily calculated than drawn on 
a drawing-board and measured. 



<- V, 

A 



Fig. 17. 

For such a diagram as shown in Fig. 
17 the area of that portion falling under 
the expansion line between two verticals 
and above the vacuum line for one pound 
of steam in the usual notation is 

- fpdv ..... (a) 
where p x as shown, is the specific press- 
ure of the steam, or absolute pressure 
per unit surface; usually pounds per 
square foot ; v x = the specific volume, or 
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volume per unit weight; usually cubic 
feet per pound ; and where p is the vary- 
ing pressure under the curve. 

This is for one pound, and not for the 
actual volumes Y l and V a . Hence the 
area in (a) is simply like that designated 
in Fig. 17, but not equal to it. 
• But in the present case it will probably 
be most convenient to apply our reason- 
ing to the actual volumes V x , V 2 , and V 
of the high cylinder, low cylinder and 
receiver respectively. 

For the present convenience let A= 
the area of the high-pressure piston, and 
L the length of its stroke. Then 

V =AL, 
or multiplying through by P, 
P 1 V 1 =P l AL=actual area under the 

admission line .... (4) 
Similarly below the expansion line 

actual area = / PAdfL ... (5) 

I-, 

if Lj=length of the admission line, and 

L 2 = length of the exhaust line. The 

pressure P is here variable, but accord- 
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ing to (1), .the zero of volumes being 
noted, is 

f =&)■-&)• 

Hence (5) becomes 

achuil area=AP,L * f * — 
• L, La: 

1 / 1-iC 1-X\ 

=AP 1 L l -j =5 (L.-L I ); 

or, since L^L, + /, where / is the length 
under the expansion line. 
Actual area 

1 ( l-x 1— a? > 

=AP,L- 1 — j(L.+') -L, J- 

l-^-r 

=P,V, ^ - • • . (6) 

that is, the area under any expansion or 
compression line is equal the rectangle to 
the pressure and volume of the highest 
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point in the curve multiplied by the 
function of the ratio r, of expansion, and 
of the exponent x as shown. 

To express the area in terms of the 
rectangle to the pressure and volume of 
the lowest part of the expansion curve 
we have, according to eq. (1). 

p, - V v, / ~ r 

V 

and v =r 

P V =P V r*- 1 
and hence we may write in place of (6) 

rs-i— 1 
actual area =P a V. = — . . (7) 

For the particular case x=l the equa- 
tion becomes inapplicable. But for this 
case the general integral gives the 

Actual area^PjV, hyp. log. r . (8) 
which is equal to the rectangle to the 
highest point of the curve, multiplied by 
the hyperbolic logarithm of the rate of 
expansion. These logarithms are found 
in Table B. 
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Ag z is here =1, we have 
PV=PV 

* 1 * 1 * 3 * * 

and hence we may put in place of (8) 
when more convenient. 

Actual area=P Q V Q hyp. log. r . (9) 
Applying these to Fig. 17, observing 
that it may be taken for the diagram of 
a compound engine in which there is no 
clearance nor receiver, and no cut-off to 
either cylinder, the cylinder volumes be- 
ing V, and V 2 , we have to add to the ex- 
pansion area of (6) to the rectangle P, 
V, and deduct the rectangle below the 
exhaust line P 8 V a ; and hence, calling 
the work performed by this engine per 
stroke U, we have, by application of (6), 



T m-\ 

U=P V+PV P V 

=S(— lir)-P.v 9 ..(io> 

P 3 being the back pressure. 

This is the same expression as ob- 
tained for a single cylinder engine, the 
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whole expansion taking place in the one 
cylinder. 

The exponent x is probably m in this 
instance for the reason that there is no 
isodynamic " drop " in the pressure be- 
tween the cylinders. 

Similarly for the case x=l we have, 
by (8), 

U^P^l + hyp. log. r)-P 3 V 2 (11) 

I. Case of Fig. 11. 

Calling the volume of admission BC= 
V/, and the ratio of expansion in the 
high- pressure cylinder r 1? we have 

V, _ 

V, being the volume of the high cylinder, 
and to be so regarded in every applica- 
tion. Hence V,' in the present case is to 
replace V x of Eq. (10) or (11). Our ex- 
pression for the whole work of engine t 
per stroke is, therefore, 

pv* / i \ 
JJ =-7~ 1 - A Ti 7fl — ^-r)- p 3 Y * • • ( 12 ) 

rjjn — 1)\ r m-\j 32 v / 

r 1 being the ratio of expansion in the 
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high-pressure cylinder itself, and r the 
ratio of the entire expansion C to G, also 
P,=the boiler pressure (absolute), Y 1 the 
volume AE of high-pressure, and V 2 the 
volume AF of the low-pressure cylinder. 
The work performed in the low-press- 
ure cylinder alone, according to (6), is 

AF 
AHDGFA-P 3 V 8 =EDGFE Jt-P.V, 



EF 

A ExED j 1 >AF 

m-1 j* / AF y^EF" 
\AE/ 



-P.V. 



The work performed in the high-press- 
ure cylinder is, of course, the difference 
between the last equation and (12). 

For the case x=1, we have 

U=^(l+hyp.log.r)-P s V 5 

and the work performed in the low-press- 
ure cylinder according to (8) is 

AF AF 

^AExED^-hyp.log.^ 



VP V V 

-1r vT-V h ^- **• v: 
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II. Case of Fig. 12. 

As to the exponents x for this case, 
the combined expansion and compression. 
FJ and H J is isodynamic, that is, unac- 
companied with external work, and the 
steam is probably slightly superheated^ 
so that for the fall from L to I the 
proper value for x is probably ?i, or 
nearly it. Granting this, then the x for 
the other expansion should be a, or be- 
tween a and ra, as may be judged by the 
engineer in particular cases. With these 
values of x, we have 

^ /v.+vv 



\ _/ v a +v v 



WW 

"yp, - lv, "v.+W 
■-p.-Vv w.+v/ 



p, 
Pi 

p» 
p 

whence 

CL_P, _/V, V,+Vy 
CI 

CL P, /V,\"/V, + V'\«-« 
DN 
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by aid of which the diagram can be 
accurately constructed. The subscripts 
here refer to the Figure. 

For an infinite receiver V = oo ; and 
the equations for pressures reduce to 
P P / V \ n 

pj-ri-W- • (13 > 

By application of Eq. (7), observing 
that for IN the ratio of expansion is 

_v a +v 

we have, 

and eliminating P„, I^P/V.X 
fl— P,V, 



/V,\"V,+V' //v,+ v , \ a - 1 1 \ 

'WJV,(«-1)\W 1+ V7 / 



(11) 



If V'=0 the receiver is dispensed with, 
and this case reduces to that of Case I. 
The above then for n=a reduces to 

U »-^ V '1«-1 a-lW t / P,Vj (15) 
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which is the same as (10) if a is changed 
to m, as it should be for the present sup- 
position where V'=0 of no isodynamic 
expansion nor consequent superheating. 
The change in diagram, Fig. 12, due to 
making V=0, consists in the raising of 
the point I up to L while N remains 
fixed. The diagram then agrees with 
Fig. 17. 

When x=l we have for Fig. 12 and 
Equation (9) 

area CIND=P„(V, + V'Jhyp. log.^p£ 

; . . . \ (i6) 

Adding BCliF and deducting for back 
pressure we have for the work performed 
per stroke of the engine 

U= 

P,V, + Pn(V 2 + V0hjp.log.^±^ -P 8 V, 

=p ^{ 1+ ( 1+ B hyplog -^! 

-P 3 V 2 .... (17) 
It is to be observed that the zero of 
volumes for the expansion IN is at A, and 
for the curve LN we have, for ar=l> 
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P„V,=P,V, 



HV'=0 we have Eq. (11), as we evi- 
dently should. 

IIA. Case of Cut-Off and Expansion in 
the High-Pressure Cylinder, Together 
with a Receiver. 

Fig. 18 is the diagram representing 
the present case, where BC is the volume 
of the high-pressure cylinder, BD the 
Yolume of the low-pressure cylinder, and 
AB the volume of the receiver. 
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Fig. 18. 
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The admission at boiler pressure P x is 
from F to the cut-off at E. From E to 
L is the expansion curve answering to 
the expansion in the high-pressure cylin- 
der, L to I is the fall of pressure due to 
exhaust from this cylinder into the re- 
ceiver AB, and IN is the expansion curve 
for the forward stroke of the low-press- 
ure cylinder, the zero of volumes for 
which curve is at* A, because at the be- 
ginning of the stroke the volume AfJ is 
that which fills the receiver and high- 
pressure cylinder, while at the end of the 
stroke the same steam has the volume 
AD of the receiver and low-pressure cyl- 
inder. 

The work done in the high-pressure 
cylinder per stroke is represented by the 
area HFELIH, while the same for the 
low-pressure cylinder is QHINOQ, OQ 
being the exhaust line. 

Let r x = ratio of expansion in the high- 
pressure cylinder, giving 

_BC 
r '"EF # 
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An expression for the 

area BCLEFB= BFxF t E (m— -^ ) 
PV / 1 \ 

is given in (12), omitting exhaust area. 

Referring to the equation preceding 
(14), we see that it may be modified to 
represent the work per stroke in the 
present case by substituting (18) for the 
first term, and by substituting P 1 -=- ?\ m for 
" Pj" of the second term, because there 
"P/'^the terminal pressure CL, Fig 18, 
while BF must stand for P a . Making 
these changes in (14) we have, for the 
work per stroke of both cylinders for the 
case now considered, 

u =^=T)r-T-rj + 

r m \vj 7,(0-1) W^ + V'/ / 

-P 3 V 2 .... (19) 
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m— 1 



+ T 



/"(a-l)^,/ \W,+V7 / 

pvi 
-p^i • * • - (20> 

The work performed in the low-press- 
ure cylinder is found by taking the last 
two terms of (19) for the area MINO, 
multiplying it by BD, and dividing by 
CD, that is, 

areaQHrNOQ=MINOx^ r . (21) 

For the case x=l we have the 1st 
term of (11) as an expression for the area 
of the diagram of the form BCLEF, 
Fig. 18, where the " V," in (11) is =FK 
But hereBC=V l =r 1 FE=" V.% whence 
v 

Putting this value of " V," into the first 
term of (11), and we have 

BCLEFB=?i(l x hyp. log. r v ) . (22) 
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The area for CIND is 

AD 

ADxDNhyp.log.Jg; 

and BDxDN=BCxCL=V,xCL. 

But r 1 xCL=P,=BF, 

P V 
and dN=Hf 1 - 

Hence the area 

CIND=?^(V a + V) hyp.log.L±l;(23) 

and the area representing the work done 
by both cylinders per stroke is the sum 
of (22) and (23), less P 8 V 2 . 

The work per stroke of the low-press- 
ure cylinder is 

■D-rv 

=(23)X~-P,V, . . . (24) 

and this taken from the work performed 
by both cylinders per stroke gives the 
work performed per stroke of the high- 
pressure cylinder. 
The expression (24) becomes 
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in which, if we neglect the last term and 
make V'=0 we obtain the 

Case of no Receiver, 
pv V V 

•^v^v byplog v 

1 T 2 T I * 1 

v 

If we put the ratio of expansion =—- 

in the low pressure cylinder =r a and ob- 
serve that CL is then the initial pressure 
in the low-pressure cylinder, which for 

P 

the moment we may call P'=— 1 the above 

*\ 
becomes 

P'V 

f_^- hyp. log. r=Y 2 p' fn . . (25) 

an expression which is essentially the 

same as that given just preceding Table 

C. 

Similarly for V'=0 and omitting P 3 V 2 , 

the work for the high-pressure cylinder 

per stroke is 

P V / 1 \ 

-L-i( 1 4- hyp. log.r, - - — hyp.log.r J (26) 

and for both cylinders together the work 
per stroke is 
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PV/ V 

-^(l + hyp. log. ^4-hyp. log. r\ . 

By placing the expressions for the 
work performed in the two cylinders 
equal to each other we obtain, after re- 
duction, t 

ty>log.r ,=^J hyp. log. r,-l . . (28) 

an expression which gives the value of r x 
the ratio of expansion in the high-press- 
ure cylinder in terms of r 2 the ratio of 
the volumes of the cylinders and also the 
ratio of expansion in the low-pressure 
cylinder. 

Example: Case of Part I. 

Placing r,=3.464 
we get r x =3.464 

for the only case where the work in one 
cylinder can equal that in the other, and 
yet with equal ratios of expansion. But 
this equality of work fails when there is 
an appreciable exhaust pressure. 

As a 2d example take r a =2 
Then for equal work performed in the 
cylinders we have r x =2.94 
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Indeed, equation (28) shows that there 
are an infinite number of values of r 9 
which will satisfy r, for equal work per- 
formed in the cylinders. 

Effect of a Receiver. 

As the volume of the receiver is 
changed from zero to infinity, the point 
I, Fig. 12, falls from L to the horizontal 
through N ; while the point N remains 
stationary. To find the point I on a 
drawing-board for any set of values of 
V, V, and V; first find N by aid of (13) 
then draw the adiabatic NI with the 
proper exponent, and with A for the zero 
of volumes. 

We thus arrive at the important con- 
clusion that by increasing the size of the 
receiver we diminish the amount of work 
performed by the same weight of steam, 
and to the extent due to the correspond- 
ing lowering of the line NI. 

In the volume V of receiver must be 
included all the space about the valves 
and of the communicating pipes between 
the cylinders, as well as that in a receiver 
proper. Thus the superheating cham- 
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bers sometimes employed between the 
cylinders must be counted in. 

The effect of superheating in the re- 
ceiver is that to change the pressures 
and not the volumes. Such superheating 
simply raises the lines NI and HI. If 
the steam is dry without a superheater, 
then with it these lines will be raised 
nearly in proportion to the elevation of 
the absolute temperature by superheat- 
ing. 

Compound Pumping Engines. 

In rotative compound pumping engines; 
any of the foregoing cases will apply aa 
well as for other purposes. But for non- 
rotative pumping engines some difficulty- 
is experienced in maintaining motion 
near Ihe end of the stroke, due to the 
fall of pressure of the expanding steam. 
To admit a puff of steam near the end of 
stroke for a last lift that" shall carry the 
engine over is very wasteful of steam. 
To illustrate by a diagram, suppose the 
expansion be carried from F to H, Fig. 
19, at which latter point the engine faJ- 
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Fig. 19. 



ters. Now to admit a portion of steam 
that shall cause the pressure to rise to D, 
and add the area HDC over what it would 
have been without the added steam ; the 
effect is a loss of work from what it 
would have been had the same steam 
been admitted at the beginning of the 
stroke as represented by the area 
HFEDH, and the expenditure of steam 
is increased by the ratio EG-s-FG. (This 
estimate, however, will be slightly modi- 
fied by the fact that the steam thus ad- 
mitted is reduced in pressure at the ad- 
mission and superheated somewhat.) 

Owing to this difficulty of faltering in 
non-rotative engines it is customary to 
use no cut-offs on the cylinders, but 
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to secure the expansion by passing the 
steam from the high-pressure into the 
low-pressure cylinder. 

If there be no receiver the diagram is 
of the kind shown in Fig. 17, and the 
work performed per stroke is given by 
equation (12) for r,=l. An example of 
such an engine is shown in Fig. 9, though 
the intermediate steam pipe must have 
the effect of a receiver in small degree. 

If there be a receiver and no cut-offs, 
the diagram is shown in Fig. 12. In 
practice the communicating passage be- 
tween the cylinders amounts to a small 
receiver in effect, however small it may 
be, and the expression of amount of work 
per stroke is given in (14). The receiver 
has the effect to reduce the work per 
stroke by the ratio, see Fig. 12, 

QFL1NOQ 

QFLKNOQ K } 

if there be no reheating in the receiver. 
But in reheating great advantages may 
arise, as already considered. 
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The Tank Engine.* 

An interesting form of. compound en- 
gine for pumping has been introduced to 
some extent by H. R. Worthington, and 
by Cope and Maxwell, in which there are 
two cylinders, one larger than the other, 
and an intermediate " tank " or receiver. 

The high-pressure cylinder in this en- 
gine is supposed to take its steam at con- 
stant pressure from a boiler during its 
full stroke, then to exhaust into the re- 
ceiver. The back pressure is the press- 
ure of the steam in the receiver, which 
will be somewhat variable according to 
relation of sizes of receiver and cylin- 
ders. The low-pressure cylinder steam 
supply will also vary somewhat in press- 
ure according to pressure in the receiver. 
This cylinder exhausts into the air, or 
into a condenser ; the back pressure due 
to which is assumed constant in the cal- 
culations. 

As to the piston movements three are 
possible, viz., 1st, they may have entire 

* Extracted from a paper read before the Ameri- 
can Society of Mechanical Engineers. 
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independence; 2d, they may be limited 
to an equal number of strokes per min- 
ute, with initial points in certain relation ; 
and, 3d, they may be further limited by 
periods of tarrying. The latter is the 
case with the engine now considered. 

As to the valve movements, four are 
possible, each differing from another in 
efficiency of the engine. Two are se- 
lected as special objects for investigation 
here, viz., the one with the lowest effi- 
ciency, and that with the highest. But 
all these efficiencies approach, and, finally, 
have a common value as the receiver is 
enlarged to infinity. For this latter and 
special case the formulas are much sim- 
plified. 

One important fact to be pointed out 
is that with a certain mode of working 
the valves, a comparatively small receiver 
gives a higher efficiency of steam than a 
larger, or infinite one. 

The engine, with two pistons and one 
receiver, is briefly shown by diagram in 
Fig. 18, where b, d, are admission valves 
for high steam, into small cylinder ; e,f 9 

• 
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Fig. 20. 

exhaust valves from the small cylinder 
into the receiver ; g, h, admission valves 
from the receiver to the low-pressure cyl- 
inder ; and j, k, exhaust valves from the 
low cylinder. 

The action of the pistons, except where 
mentioned as otherwise, is considered as 
alternating ; that is to say, one piston 
stands still at the end of the cylinder, 
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while the other makes its stroke, and 
conversely. This is the third above men- 
tioned. 

The diagram will enable us to indicate 
the fact of different ways for working the 
valves. For instance: 1st, suppose b and 
f open, e and d closed, piston H moving, 
and piston L standing at end of cylin- 
der. Then with ; and k closed, g and h 
may be either opened or closed. If closed^ 
the steam from f accumulates only in 
the receiver, while if open, it flows into 
both the receiver and L cylinder. This 
option in the valves g and h occasions 
two valve movements. Again : 2d, sup- 
pose piston L moving, while piston H 
stands at the end of the stroke, then with 
b and d closed, e and f may be either 
opened or closed, a second option which 
occasions two separate valve movements,, 
for this side of the engine. In the com- 
bined action of both sides, it appears* 
from the fact that these options are 
independent of each other, there results* 
four possible valve movements, two ol 
which, as above mentioned, are selected 
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it 
.1 

for investigation and comparison, and an 
shown in Fig. 21. . The 1st is the leas! 
and the 2d the most efficient of the four. 1 
In the 1st, and also 2d, of Fig 21/ 
the engine is represented in the four"" 
relations necessarily undergone for the 
completing a cycle of operations. For 
instance in 1st, we have piston H moving 
while piston L stands, then H stands 
while L moves, next H moves opposite 
to the first as L stands, and finally H 
stands as L moves, contrariwise to that of 
its first stroke. The next move is the 
same as the first, and thus they continue 
in repetition. Piston-rods are shown by 
arrows, which indicate direction of mo- 
tion. Broken arrows mean standing 
still. 

In Fig. 21 all open valves are indicated 
by arrows. Feathered arrows are put for 
valves necessarily open, while naked ar- 
rows are at valves in option. In the 
light of these remarks, the valve move- 
ments of 1st and 2d may be traced 
throughout, also steam action. For con- 
venience let the four relations of Fig. 
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21 be designated as A, B, C, and D, as 
shown. 

Then in 1st : for the A relation we 
have H moving with high steam on one 
side and exhaust on the other. These 
are necessary conditions while H moves, 
and hence the arrows are feathered. The 
exhaust, however, is shown as into the 
receiver not only, but the L cylinder as 
well, because the valve to the L cylinder 
is open. But that valve might be closed 
when the steam would be confined to 
the receiver with a more rapid rise of 
pressure. The latter condition is shown 
in the A relation of 2d, hence this ar- 
row is left naked. 

Again in the B relation, the H piston 
is standing while L is making its stroke. 
The valve between H and the receiver is 
closed in 1st, or it may be open as in 2d, 
and hence the arrow is featherless, as 
shown. 

These references suffice to explain the 
C and D relations also. 
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V. Solution fob the First Valve Move- 
ment of Fig. 21. 

Before making statements of steam 
action it will be necessary to know spe- 
cifically the condition of the steam at every 
point as it passes through the engine. 
For the 1st part of Fig. 21, the complete 
diagram of steam action, for continuity 
of engine movement, is given in Fig. 
22. 

Let V,= volume of the high pressure 
cylinder, V 2 = volume of the low pressure 
cylinder, and V'= volume of the receiver. 
These volumes are shown on the diagram 
in their proper relations. Also the ab- 
solute pressures P, of the boiler, P a of 
terminal expansion, and P, of the ex- 
haust, are shown. Other pressures will 
be indicated according to lettering of 
diagram, as, for instance, Pi = P^ 
being the pressures at the points I 
and G. In short, the pressures and vol- 
umes are represented by vertical and 
horizontal distances respectively, with A 
for the zero or origin. 

The Complete Diagram and Indicator 
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Cards. — Now, referring to 1st of Fig. 
21, we see that in the A relation the low- 
pressure or L-piston is standing at the 
end of its stroke, and with the valve be- 
tween that cylinder and the receiver 
open ; the steam that made the last L- 
stroke being retained. Hence the L- 
cylinder and receiver both together are 
serving as receiver, while the high-press- 
ure or H-piston is making its stroke and 
forcing the steam from the H cylinder 
into the receiver. The H-piston is 
moved by steam from the boiler, the 
same being admitted at full pressure P 1? 
and full stroke. 

Now in Fig. 22, FL represents this 
high-pressure line of Pj, while KG rep- 
resents the compression line of the H- 
piston stroke. It is to be observed that 
at the initial return of H, the volume is 
AC=V 1 + V a + V';and at the end, it is 
AD=V 2 + V. 

Next, in the B-relation of 1st of Fig. 
21, the valves of L are reversed, as H 
completes its stroke, the steam in the L- 
cylinder being exhausted. In Fig. 22 
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this exhaust is shown by a cutting off of 
the steam GI, and leaving only that in 
the receiver, of volume V=AE, to act 
upon the L-piston. 

The H-piston now stands while the L- 
piston makes its stroke with a change of 
active steam volume from V to V + V 3 ; 
and producing the expansion line IH, 
Fig. 22. Next the valves of L, Fig. 21, 
remain, while the valves of H reverse ; so 
that the L-piston stands while the H- 
piston moves as in the C movement. 

Now as the valves of H reverse, the 
high steam exhausts into the receiver and 
L-cylinder together, giving the expansion 
line FJ for the high steam, and the com- 
pression line HJ for the low steam, till 
both arrive at a common pressure at J. 
The expansion line FJ is to be drawn 
with C as the point of zero volumes and 
pressures ; while H J has A for the like 
point. Here the steanj, isodynamically 
brought down from P t at F, will be hot- 
ter than that brought up from P 9 at H ; 
and as they commingle, the volume JK 
decreases by giving up heat, and the vol- 



d by Google 



141 

ume AB increases by receiving that heat. 
But as the same weight of steam must 
necessarily be exhausted from the high 
cylinder as from ihe low at a stroke, it 
follows that the steam JK introduced 
must have equal weight with the steam 
GI exhausted. Hence the volume JK 
must shrink by cooling to some volume- 
J'K, such that J' lies on the expansion 
curve IH; because when AC is com- 
pressed along KG to AD, then J'K must 
compress to GI, and AB' to AE. The 
curves KG and J'l are of like sort, with 
the point A for the zero of pressures and 
volumes. 

Now H commences its stroke with a 
back pressure P^=CK, and the volume 
AC=V 1 + V 9 -hV'. At the end of the 
stroke, this volume has been reduced to 
AD, giving the compression line KG. At 
the end of this stroke the valves of L 
are reversed, causing the immediate ex- 
haust from L of the volume GI=V 2 , 
when in the L-stroke the expansion curve 
IH, etc., is formed as before. 

Thus it appears that FGKL is the 
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diagram for the H-cylinder, while HIQS 
is the diagram for the L-cylinder. The 
work done by these cylinders will be 
proportional to these areas. The back 
pressure is EQ=P,. 

Nature of the Expansion and Com- 
pression Lines. — Having traced out the 
action of the engine and of the steam as 
it is worked in it, we are prepared to in- 
quire into the specific nature of the vari- 
ous lines of the complete diagram, Fig. 
22, from the standpoint of thermodynam- 
ics. Thus the compression curve KG 
is adiabatic, and such that if the steam is 
saturated at E, it is superheated at G by 
the compression. Hence, as the steam 
will be shown to be not far from satur- 
ated at K, this curve is an adiabatic for 
superheated steam. The same is true of 
JT, because as K is compressed to G, J' 
is compressed to I. After the exhaustion 
of the volume GI, the curve IJ' is re- 
traced by expansion with the same steam 
as was just compressed along J 'I. But 
with J'H the case is to some extent dif- 
ferent, before explaining which, we must 
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consider JH and JP. With respect to 
the latter, it is to be observed that at the 
end of the stroke of the L-piston, the 
volume V' + V a is ready to receive the 
high steam exhaust from the H-cylinder. 
Here the low-steam pressure is DH±=P 9 , 
and high-steam pressure DF=P, ; while 
the volumes are V' + V 9 =AD, and V,= 
DC, respectively. Now as the valve from 
H to the receiver opens, these two por- 
tions of steam coalesce * into a common 
bodv, whose volume is simply the sum of 
the previous partial volumes ; that is to 
say, 

and the resulting pressure is BJ. In this 
act no exterior work is performed by the 
mass of steam in the volume AC, because, 
for the instant during which this com- 
mingling occurs, the pistons of the en- 

* This, however, is only partially true, since some 
of the steam remains in the if-cylinder till forced 
out through the open valve into the receiver during 
the return stroke. Though the pressure is common, 
yet the temperature and density of that remaining 
in the cylinder will probably differ somewhat from 
that in the receiver. 
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gine do not move perceptibly. This act 
is therefore governed by HxrvDs law ; that 
is to say, because no external work is done 
during the change, the internal energy 
of the mass of steam remains constant. 
The curve representing this action is the 
so-called isodynamic curve. Hence the 
pressure B J is to be found at the inter- 
section of two isodynamic lines FJ and 
HJ; the first representing the isody- 
namic expansion of the volume V l5 and 
the second, the compression of the vol- 
ume V + V,. 

Though these curves serve to determ- 
ine the point J, or resulting pressure 
BJ, yet it is to be understood that they 
do not represent the operations which 
actually take place in the two portions of 
steam, because the low steam is in real- 
ity- compressed adiabatically from H to 
J', and the work B'DHJ' performed. 
This work is performed by the expansive 
action of the high steam while actually 
expanding along some line FJ' and not 
FJ. This curve, however, will lie above 
the adiabatic through F, because in ex- 
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pan ding along FJ' the steam is not doing 
its full work, the work actually done be- 
ing only B'DHJ' instead of an area ex- 
tending fully up to the expansion line. 
Hence, J' instead of J, represents the 
actual resulting point of pressure. 

Now the points J and J' are expected 
to be very nearly in a horizontal line, but 
may not be exactly so for several practi- 
cal reasons. The expansion J' H will 
probably be mostly adiabatic below the 
saturation point, the point of change 
from superheat to supersaturation lying 
somewhere on J'H, but not far from J'. 
Much of the supersaturation moisture 
due to this expansion may be precipi- 
tated while the L-piston tarries at the 
end of its stroke, so that the compression 
heat of HJ' acts at a disadvantage in re- 
evaporating that moisture. The moist- 
ure thus precipitated may accumulate in 
the receiver as water, and require to be 
drawn off by a cock. To show that at 
the end of the stroke IH the steam is 
necessarily below the saturation point, 
we observe that KG and J 'I are counter 
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actions which offset each other, as al- 
ready explained, and hence have no in- 
fluence on the final condition of satura- 
tion. Now, referring to the isodynamic 
lines, the expansion FJ gives rise to 
superheat, while the compression HJ oc- 
casions condensation. These actions 
nearly compensate each other, because, 
though the intensity for FJ is greater 
than for H J, yet the quantity of steam 
concerned in JH is greater : assuming 
that these exactly neutralize, then the 
saturation point lies very near to J', and 
below it if supersaturation moisture is 
precipitated in the receiver. 

It appears, therefore, that the expan- 
sion line IH is of two kinds, viz., from I 
to some point near J' it is adiabatic for 
superheated steam, while from the latter 
point to H it is adiabatic for supersatur- 
ated steam. 

To account for J J' on the Supposition 
of Heat. — In this case the drawing-board 
may be preferred. Use temperatures 
and a diagram, as shown in the lower 
part of Fig. 22. As the temperatures for 
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the isodynamic lines through J are each 
nearly constant, let the absolute temper- 
atures r, and r 2 of the steam at admis- 
sion and at the end of J'H be laid off 
downward, as shown. Draw lines to M 
and N, meeting JMN. Then draw 
straight lines AMO and CNO, giving the 
intersection O. Then the line through 
O parallel to NJ should give the point 
J'. The diagram ANC depends upon the 
law of Gay Lussac, relating to volume 
and temperature, for constant pressures 
in gases, viz., by symbols 
v v' 

In superheated steam this very nearly 
holds true. In the diagram the applica- 
tion is AB:BM: : RO: RM, and CB: 
BN : : RO : RN. The two portions of 
steam are first supposed reduced to the 
common pressure P, , by the isodynamic 
or nearly constant temperature expansion 
FJ, and the like compression HJ. The 
volume BC then has the temperature r x 
of P 1? and the volume AB the temper- 
ature r 2 of /? 2 . The change J J' is that by 
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which the portion BC shrinks, and of 
AB expands, while the temperatures r x 
and r 9 merge into one temperature, r = 
BR. 

Repeated trials should be made until 
JJ' is a horizontal line from the inter- 
sections J of the isodynamics to the adi- 
biatic IH, and with J'K and GI also hori- 
zontal. 

But as the correction to the volume AB 
=Yj is usually less than one per cent., it 
is probable that the discrepancies in re- 
sults of efficiency or duty of engine due 
to it will be too small to merit serious 
consideration. 

Hence, in the following general equa- 
tions the points J and J' will be regarded 
as coincident ; and the entire expansion 
line IH will be treated as of one form, or 
as characterized by one value of the ex- 
ponent x in Eq. (1). 

Area of the Indicator cards ; and 
General Equations, — To find the area of 
the diagram, we have from equation (6) 
and Fig. 22, observing that the rectangle 
of the pressure and volume of the initial 
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point of the curve GK is ADxDG, and 
that the ratio of expansion is AC-?- AD, 
area Gt>CK= 



r* 



iT.+V' j j L__ 



(32) 



=P,V,M . . . (30) 

For the particular case a = 1, the 
integral becomes, for the small cylinder 

(GDCK) a =i =AP„L 1 hyp.log.(l+^-)| 

=P ? (V,+V')hyp.log.(l +T ~y, )j 

In these equations P^ is the absolute 
pressure DG,=EI. 

Similarly for the area IEDH, taking 
the point A, Fig. 22, as the zero of 
volumes, we have by aid of (6) 

=P(,V„.N . . . (33) 
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For «=1, we have 

(IEDH) a = t =P^V hyp. log.( 1 +^). 

Now the work done in the high-press- 
ure cylinder, per stroke, is 

P.V— GDCK. 

Also in the low-pressure cylinder it is 
IEDH-P s V a . 

Hence, when the engine is working in 
continuity under the first valve move- 
ment of Fig. 21, and giving the diagram 
of Fig. 22, then, for one stroke of each 
piston in regular order of continuity, the 
same being the half of a complete cycle 
of operations detailed in Fig. 21, or, for 
each high-pressure cylinder full of steam, 
the work done per stroke of both cylin- 
ders is U sKP.V, -GDCK) + (IEDH-(P, 

V.) 

T^P^T-P, V^-P.V. + P, V,N (35.) 

all being in known terms except J? g . Fig. 
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22 shows that this depends on many 
things, and that it is in no case, in itself, 
arbitrary, but that, in an actual engine it 
is self-adjusting according to pressure of 
admission, dimensions of cylinders and 
receiver, mode of valve action, and laws 
of expansion. 

To express ~P g in convenient terms, we 
may write from Fig. 22, and by aid of (1) 
and the following table, regarding J and 
J' as coincident, 

p, ""VPLrxv,/" 

Also, 

P p y p g /Acy 

Pi ~~P*~~ Pi \AD/ 

/ V.+V. + VV / JM« 

Again, from the fact that the inter- 
cepts on horizontal lines lying between 
two curves constructed from (1) with 
one value for x and different values of P, 
V,, are proportional to the abscissas to 
the intersection points of the horizontal 
lines with either curve, we may write, 
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JK 


JK 


AC 


v,+v,+v 


GI~ 


v, ~ 


AD 


~ V. + V' 

~ L+ V.+V • 


Eliminating JE 


and combining, we get 


P* ?J 
P/P, 


_P* 
~P, 








V, 


\a. 


(V,\»/, V, \-» 



/V W V \ a ~ n 

=(v-;)( i+ v^v') • • - (36 > 

p 

Eliminating =£ by aid of (36), we find 

for the work of the half cycle, or for one 
stroke each of the two cylinders in con- 
tinuity, 

U=P,V, 

and for the hyperbohc expansion, where 
a and ?i=l, we have 
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U'=P,V, 



?-^ + ^ hyp - l0g -( 1+ ?"'). 
all quantities being in known terms. If 
a=?i y the term ( 1+ ^ — ^,j drops from 
(37). 

If V'=oo , and a and n as in 4 (37), we 
get 

w.i'-(£)- + (?-p-$( 

(39) 

If V'=oo , and a and n=l, we get 

TJ-=P 1 V 1 ( 2-^-^) . . (40) 

In these expressions, 

P,= absolute pressure of admission, lbs. 
per square foot=144 (p/ + 14.7), for 
/_//=lbs. per square inch of boiler 
pressure. 

P s = absolute back pressure to low-press- 
ure cylinder lbs. per square foot of 
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the atmosphere for exhausting into 
air, or of the condenser for con- 
densing engines. 
V,= volume of high-pressure cylinder in 

cubic feet. 
Y„= volume of low-pressure cylinder in 

cubic feet. 
V'= volume of receiver and connecting 
pipes in cubic feet. 
M and N being given by equations (31) 
and (34). 

These equations are useful in calculat- 
ing the amount of work that can be done 
by an engine, or in calculations for duty. 
In practice any one of these equations 
can be used according to accuracy re- 
quired, (37) being necessary for the 
greatest degree of exactness. It is seen, 
however, by (1) and the accompanying 
table that a much wider departure from 
truth results when a=l than when »=1. 
When the steam is very wet the actual 
value of a will be much nearer unity than 
for dry steam. In such case some value 
of m should be used in place of a. Fig. 



J 22, also, will indicate in some degree to 
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what extent, in any practical case, we 
jeopardize the result by taking V infinite 
in the calculations. 

Pressure at Different Points of Steam 
Action. — It is often desirable to know 
the pressure at different points of the 
steam action in the engine. To this end 
we have (36) for the terminal pressure, 
p g , in the high cylinder, and initial press- 
ure in the low cylinder. This shows that 
if a =7i it matters not with p g whether 
V = oo or not. From this it appears that 
for a=zn the smaller we make V the 
greater is the proportion of work done 
by the small and less by the large cylin- 
der. 

For the initial and final pressures in 
the low-pressure cylinder we have the re- 
lation 

combining with (36) 

P / V' \ a /V W V \ a ~ n 

t-(v^vHv)( 1+ y^y) (42) 

The 4th equation preceding (36), com- 
bined with the 2d, gives 
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These equations show that for V'=oo 
we have 

5=3-L_( *>)[•. . ,44) 

which is the constant pressure of the in- 
finite receiver, and toward which tbis 
pressure approximates as V is made 
large. 

Equation (36) shows that if a— n, as it 
will very nearly for wet steam, the press- 
ure at G or I,=P^, will be entirely inde- 
pendent of V whether infinite or finite. 
.The effect of this on the diagram is that 
the lines GK, or IH, swing around the 
points G and I as pivots, becoming flat- 
ter as V is enlarged, or steeper as it is 
diminished. Hence, as V is enlarged, 
the wcrk produced in V 1 decreases, while 
in V tt it increases. Considering these va- 
riations, a look at the diagram, Fig, 22, 
shows that the efficiency of this engine 
increases with V, and is a maximum 
when V is infinite. 

When V'=0, V 2 does no work, and the 
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engine does worse than a non-compound, 
but equals it when IQSH=GSS'K. 

Relative Areas of Indicator Cards.— 
It is also desirable t6 know the relation 
between the work developed in the high- 
pressure cylinder and the low. From the 
expressions (35) and (36) given above, we 
readily find, 

Wk. H.-CyL 

Wk. L.-Cyl. 

T v„/v.w. V, \— p.v. • (45) 



«im^)' 



P V 

■■•1*1 

For the hyperbolic expansion this 
ratio is 



- hyp. log (l + y^y,) 



If V'=» , and a and n are as in (45) 



■$r- 



P.V, 



(47) 
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If V, = oo and a and tt=l 



p.v: 



(48> 



P V 

Heat for Producing the Steam. — The- 
total heat consumed per high-pressure- 
cylinder full of steam in dynamical value, 
or ft. -lb. units, is, see equation (2), 

H=V I D 1 [H, + J(« / -32<>)] (49> 

and the efficiency is given by (3). 

Maximum Efficiency. — In the com- 
pound engine now considered, if the two 
cylinders are of nearly equal size, one does 
almost no work, with slight expansion, and 
with a corresponding low efficiency. On 
the other hand, if there be a very great 
disparity of cylinder sizes, the low-press- 
ure cylinder may exhaust the steam so 
rapidly from the receiver as to carry its 
pressure as low or even lower than the 
back pressure. At the limit of equal 
back and receiver pressure, no work will 
be done by the low-pressure cylinder, and 
the high-pressure cylinder exhausts, in 
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effect, into the back pressure direct. 
Here again we have no working expan- 
sion, and a correspondingly low effi- 
ciency. It is evident that between these 
limits there exists a relation of sizes 
which will give a maximum of efficiency. 

To determine this relation, assume a 
fixed volume of V, and of V, while V 2 is 
made to vary. In this way the quantity 
of steam used per stroke is invariable, so 
that the denominator of (3) is constant. 

Hence, for the maximum of (3), we 
have only to examine the numerator, or 
to examine (37), (38), or (29), etc., accord- 
ing to contemplated accuracy. This 
could be done by working out several 
values from which to construct a curve, 
the maximum ordinate of which corre- 
sponds to the maximum sought. This 
plan is probablv advisable for (37) and 
(38). 

If we place the differential co-efficient 
of II" with respect to V 2 from (39) equal 
zero, we get after reduction, for the case 

V'=x, 
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p--(4r) : ( n (4r)- (w - 1) ) ■ (50) 

an equation which is irresolvable for the 

y 
desired quantity, viz., ==.'. But for a series 

of assumed values of ^~~ the correspond- 

P *• 

ing values of - -"- may be computed and 

tabulated. A sufficiently extended table 
would answer all cases, requiring condi- 
tions for the maximum efficiency. 
If m-=1, then (50) reduces to 

f -$)■ • ■ • <p> 

p 

Eliminating -^- between (50) and (39) 
■*■ i 
we find the maximum of TJ", or for the 

infinite receiver, with n as in (39); 

^'»«=P 1 V 1 {l-(^)"(l+n-n^)} 

\ . . . / (52) 
Prom this, for n = l, or for (51) in (40) 
we obtain for Y'=x and n=l the max- 
imum of U'" 
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U "max =aP.V,( I"" P") 

=2P,V 1 ( 1-fyf) • • (53) 

Conditions for Equal Work of Cylin- 
ders. — In practice it is probably desirable 
that the cylinders do equal work, partic- 
ularly so in the Worthington pumping 
engine, where the especially important 
point is made of destroying the " water 
hammer" in connection with the water 
valve action, and of maintaining perfect 
uniformity of pressure and motion of the 
traveling water column. 

To obtain an equation which shall ex- 
press the conditions necessary for such 
equality of work of the two cylinders, we 
have only to place the numerator and de- 
nominator of (.45) equal to each other, 
which becomes 

.... (54) 

In using this equation it will be nec- 
essary to assume a set of volumes and 
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p 

find the ratio -^- , a satisfactory value 

**■ i 
for which may require several trials. 

If V'=oo (54) reduces to 

If n=l, also, 

P /V \ 2 

p;=(v;) .••<«> 

This last is the same as (51), which 
gives the condition for a maximum effi- 
ciency. Hence, for the case that the 
receiver has an infinite volume, and n=l y 
the engine works with its maximum effi- 
ciency when the cylinders do equal por- 
tions of the work. "When the receiver is 
eight or ten times as large as the low- 
pressure cylinder, this engine, with its 
valves, working as stated, is not far from 
working with its maximum efficiency. 

VI. Solution for the Second Valve 
Movement of Fig. 21 . 

The complete diagram of steam action 
in continuity for this case is shown in 
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Fig. 23. The notation is as before, AC 
being the volume of the three parts V i5 
V 2 , and V. 

The piston motions are the same here 
as shown in Fig. 21, and, indeed, the 
same as in V. The sole cause for the 
difference in diagrams is in the valve 
movement, as indicated in the second part 
of Fig. 21. 

The Complete Diagram and Indicator 
Cards. — When the H-piston has com- 
pleted its forward stroke, all under the 
full boiler pressure P,, the boiler steam 
is to be immediately cut off, and to be 
exhausted into the receiver. The result- 
ing pressure is B J = DI = P . The valve 
remains open, and ths H-piston stands, 
while the L -piston makes its stroke. The 
latter starts while the volume of active 
steam is that in the receiver and H-cylin- 
der together, and equals AD^Vj-f V. 
Hence, the expansion line for this stroke 
is IH, drawn with the point A for the 
zero of volumes. Immediately on com- 
pleting the stroke, the admission valve 
from the receiver is closed, retaining the 
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CO 

6 



steam in the L-cylinder while its piston 
stands. Consequently the H-piston 
starts its stroke with a back pressure 
DK=CH of the terminal stroke of the 
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L-piston. The volume subject to this 
back pressure is AD at the start of the H 
piston, but during this stroke it is com- 
pressed to AE, giving the compression 
line KG. Then the valve immediately 
opens, as explained, to release the high 
steam which made this stroke. This 
steam expands against that in the receiver, 
which was compressed on the back stroke, 
giving the actual compression curve GJ' 
and expansion curve FJ' ; the pressures 
EG and EF meeting in a common press- 
ure at J'. Then the L-cylinder starts 
again on the curve IH, while the H-pis- 
ton stands, and so on in repetition. 

The valve movement is thus seen to be 
peculiar. Here, instead of the valves of 
one cylinder all moving simultaneously, 
and so with the other cylinder, they move 
in alternation. This will complicate the 
valve-gear somewhat. 

It is to be observed that by this ar- 
rangement, the high steam is at once re- 
leased from the H-cylinder on completion 
ol stroke, so that it is available to the L- 
cylinder. Also, in the L-cylinder, the 
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steam is retained while that piston 
stands, instead of being at once ex- 
hausted ; the object being to keep this 
cylinder hot as possible. 

Nature of the Expansion and Com- 
pression Lines. —The point of zero of 
volumes for the curves HI and KGJ' or 
J, is A, Fig. 23, while for F J, or F J', it 
is D The back pressure line of the L" 
cylinder is QS. 

Area of Diagrams and General Equa- 
tions. — By aid of (7) and Fig. .23 we are 
able to write out 

Area GEDK=P t ^L±T{(l + L) "-l} 

=P*V,Q . . . (57) 
if 

and 

=P*V 2 S . . . (59> 
if 
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For the particular case that a = 1, 
we have 

(GEDK) 0=1 =P i (V 1 +V')hyp.log.(l + |i) 

. . . (61) 
and 
(IDCH)„ =1 

=P*(V 1 +V,+V')hyp.log.(l + ^) (62) 

in all of which P#=the pressure DK= 
CH. 

Now the work done in the high-press- 
ure cylinder will be 

FGKI^P^-GEDK . . (63) 

and in the low-pressure cylinder it will be 

IQSH=IDCH-P 3 V 2 . . (64) 

Fpr the engine working in continuity 
the work developed during a half cycle, 
or for one stroke of each cylinder, or by 
each high- pressure cylinder full of steam, 
will be the sum of (63) and (64), or 

TJ= (P^-GEDK) 4- (IDCH-P 3 V 2 ) 
=P 1 V 1 -P*V 1 Q-P 3 V 2 + P*V,S. . (65) 
But in these equations P# is as yet un- 
known. Regarding J and J' as coinci- 
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dent on the adiabatic EG produced, then 
from the proportionality of horizontal 
intercepts between adiabatics, we may 
write 

v. 



HK_AC_ V,+V,+V 

IJ - AD~ V,+V _1+ V,+V 

Also, 



7) 



Hence 

P, P f - VV,/ V + V t + V7 P, P, l ° 

This introduced in (65) gives in known 
terms the amount of work per high- 
pressure cylinder full of steam, viz. : 

XJ=P,V 1 |l + (^S-Q)(^)"(l + ^ +¥ ) n - a 

PV ) 
-fftf -... (68) 

If a=n, the term I 1 + — — i_J drops 
out. For a and «=l, 
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If V' = oo, and a and n as in (68), 
we get 

.... (70) or (39) 
the same as (39). 
If V'=ao , and a and w=l, we get 

U"=P,V,( 2-^-^) . (71) or (40) 

the same as (40). 

One fact to be observed particularly, in 
comparing these equations with those for 
the V solution, is the perfect agreement of 
the expressions for the work U as soon 
as V' is made infinite. This is evidently 
as it should be, since for an infinite vol- 
ume of receiver it would not matter 
whether the high pressure exhausted into 
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it immediately on completion of stroke, 
or whether the exhaust were stayed each 
time during the half stroke ; because the 
pressure could not vary appreciably in 
the infinite receiver during this time. 
For the infinite receiver it is only essen- 
tial that equal weights be received from 
the high cylinder, and delivered to the 
low cylinder per stroke, the strokes being 
regarded as the same per minute for one 
as for the other cylinder. 

The coincidence of the expressions for 
work, for thfe case of an infinite receiver, ' 
is therefore expected ; and the fact of co- 
incidence corroborates the analysis. 

These equations (68) to (71) serve in 
calculations for duty where the whole 
work done for a period is compared with 
the coal consumed. In selecting the 
equation for use, judgment must be ex- 
ercised as to the degree of approxima- 
tion necessary in the case, and as to the 
proper values of a and n. Wet steam will 
require different values than dry, the value 
of a for such case being more properly 
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m, as found in the table following equa- 
tion (1). 

jPressure at Different Points of Steam 
Action. — To determine the pressure of 
the steam at different points of action in 
the engine, we observe first that for V = 
-oo , the pressures at H, I, J, and K, Fig. 
23, become one and the same ; that is to 
«ay, the pressure in the receiver remains 
constant, and the indicator diagrams for 
the two cylinders are simple rectangles. 

For the pressure at I or J see Eq. (66). 

For the pressure at H or K see Eq. 
(67), where P fc =P,. 

These give the initial and terminal back 
pressures in the low cylinder, and the 
initial back pressure in the high cylinder. 
The terminal back pressure in the high 
-cylinder is P# =EG, for which, by aid of 
Fig. 23, we may write 

Combining with (67), 

p*p,~V 1+ W W,/ V + v,+vv p, 

..... (72) 
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If V'=oo, these equations, as well as 
(66) and (67), reduce to 

PgorPiOrP^ y. (?3> 

a common pressure, or a constant press- 
ure of receiver, as above stated, for the 
case the receiver is infinite in volume. 
This equation also shows that n is the 
only exponent upon which the pressure 
of the infinite receiver depends. It also 
gives the pressure to which that of the 
receiver approaches as V is made rela- 
tively very large. 

Equation (67) shows that if a=n, as it 
will nearly for wet steam, the pressure at 
H or K,=P 3 , will be entirely independent 
of V whether V = oo or not. In this 
case the larger the receiver the greater 
will be the proportion of work done by 
the high cylinder, and the less by the low 
cylinder, as indicated by Fig. 23. The 
pressure P 2 is here the pivotal pressure. 

It is a curious fact that for a=ra, the 
so-called pivotal pressures, for both valve 
movements shown in Fig. 21 have one 
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and the same value; as indicated by 
•equations (36) and (67) for a=w. That 
is to say, for given initial pressures and 
ratio of cylinder volumes the pressures 
of V g of Fig. 22, and P* of Fig. 23, are 
equal and constant, whatever the value of 
V'. Again it is immaterial to this press- 
ure whether a =w, or V=»; and it is 
given by (44) or (73), another evidence 
that for the infinite receiver the mode of 
operation of valves is unimportant, 
whether according to 1st or 23 of Fig. 
21. 

The ratio of equations thus : 

(67) >L 

shows that the second valve movement 
results in a greater ratio of expansion 
than the first when V' is not infinite. 

Relative areas of Indicator Cards. — 
To find the relation between the amounts 
of work developed by the high pressure 
cylinder and the low, we may take their 
ratio thus : 
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Wk.H.Cyl. _ 1 ~ Q (v;) ( 1+, ^+T) 
Wk.L.Cyl. -V,/V 1 W , V, X^P.V, 

v.vvy \ """v.+v; p,v, 

(74) 

For a and n=l; 

.... (75) 
If V' = oo , and a and n as in (74), 



(*r- 



P.V. 



(76) 



P V 

If V=oo , and a and n=l, 
- V, 



P V 



(77> 



P,V, 



Equations (76) and (77) are seen to be 
identical with (47) and (48), which is 
evidently correct for the infinite receiver. 

The heat required for making the 
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steam, also the expression for the effi- 
ciency is evidently the same here as in 
the first form of engine. 

Jtaximum Efficiency.— The maximum 
of (68) or (69) may be found by the same 
process as indicated for (37) or (38). 
The maximum of (70) is the same as for 
(39), because the equations are identical 
Hence for U" the conditions for a maxi- 
mum are obtained from (50) ; also (51) 
follows for n=l. Hence the maximum 
values of U" and U'" for the present 
case are found in equations (52) and 
(53). 

But it is a remarkable fact that the 
maximum efficiency of this engine is ex- 
actly equal to that of the Woolf engine, 
without receiver, shown in Fig. 17 above. 
That is to say, when a=n=m, equation 
(15) is the maximum of (68). r ftiis can 
be proved by using for the expression of 
the work, the same as (68) obtained by 
aid of (57), and the corresponding one 
for the L-cylinder ; also (67) ; and finally 
the relations 
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obtained from Fig. 23, on the supposition 
that V' is made so small that the com- 
pression line KG is so raised that it ex- 
tends from K direct to F. This com- 
pression line then becomes a cushion 
line, such that on the return stroke of 
the H-piston, the remaining steam is 
compressed and forced into the receiver 
until at the end of the return stroke the 
boiler pressure is just restored at F. 
The size of the receiver for this special 

V 1 
case is V'= ■ -±==- ; also the isodynamic 

v a v x 

expansion now vanishes so that this 
maximum is general. 

Conditions for Equal Work of Cylin- 
ders. — That the cylinders do equal work, 
the numerator and denominator of (74) 
must equal each other which condition 
gives 

.... (78) 
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the solution of which may be proceeded 
with as suggested for (54). 

If V'=x, this expression reduces to 
the same as (55), as it should ; also to 
(56), for 7i=l. This last is seen to be 
the same condition as for the maximum 
efficiency, for V'=oo and w=rl, as stated 
for the first engine, in which respect the 
engines agree. 

The Infinitude of Possible Pump 
Movements. — In all the preceding cases 
the piston motion has been regarded as 
such that when one piston moves for 
making its complete stroke the other pis- 
ton stands still at the end of its cylinder, 
and vice versa, as first done in the cele- 
brated Worthington pumping engine, 
and recently in many others. But com- 
pound pumping engines are in use in 
which we find the three parts V,, V a and 
V as above, but with different piston 
and valve motions, as, for instance, in 
* case of certain Cope & Maxwell pumping 
engines. 

Respecting the possible variety of en- 
gines due to unlimited suppositions for 
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piston motion, or valve motion, or both, 
it appears to be infinite. For almost any 
one of these the diagrams corresponding 
with Figs. 22 or 24 become exceedingly 
difficult to delineate, except for the simple 
caseV=oo. For instance, there might 
be the tarrying of the pistons, each for 
half or other fraction of its time; but 
with the relative period of strokes indif- 
ferent. The steam cylinders might be 
of equal volume, while one makes twice 
as many strokes as the other, and thus 
obtain expansion. This is admissible 
.with or without tarrying of pistons. 
While the high piston tarries, its valve 
might open into the receiver at any point 
of time in the period of tarrying. And 
the low cylinder might close its valve 
from the receiver at any point in the tar- 
rying of its piston. A comparatively 
simple case is that where the pistons do 
not tarry, and where the valves all work 
promptly on the termination of the 
strokes of their respective pistons. But 
here the periods of strokes of pistons 
might be in any given relation. 
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VII. — Strokes Co-initial and Co-termi- 
nal; without Tarrying. 

For this case a little consideration will 
show that it matters not at which end of 
stroke one piston is, while the other 
starts at a particular end ; because, for 



Il-Piston 



-&c.-.. 




L-Piston 
Fig. 24. 
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either one piston, the same changes 1 oc- 
cur at one end as at the other end of 
stroke. And let there be no tarrying, 
but both pistons moving continuously. 
For this, a little consideration will show 
that this engine may be rotative, with 
cranks at 180°, and one cylinder to each, 
and that it is the same as any, Cases I 
to IV, and Figs. 11 to 14. 

VIII. — Strokes Interfluent, without 
Tarrying. 
As an example of a case not quite so 
simple, and to show the effect of inter- 
ruption due to the exhaust into the re- 
ceiver from the high cylinder while the 
low cylinder is making its stroke, let the 
reversal of stroke for either piston be at 
the midstroke of the other. Then Fig. 
24 may serve to indicate the relation be- 
tween piston positions for continuity. 
The part H refers to the high cylinder, 
and L to the low. Now suppose H on 
the point of exhausting into the receiver, 
and let a represent the beginning and a 
the end of this operation. This takes 
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place at the midstroke, a, of the L-pis- 
ton, as shown in the L part of the 
diagram. As H exhausts, the volume 
of receiver and connections will in- 
crease in the operation by an amount 
au' on a proper scale. Now the H-pis- 
ton travels from a' to b, while the L- 
piston travels from a to b. Then the L- 
cyhnder exhausts into the air or con- 
denser, and its volume is cut off from the 
receiver to begin a new cylinder full. 
This volume cut off from the receiver is 
bb\ as shown on the L part of the figure. 
This takes place at the midstroke b of 
the H-piston ; see Fig. 24. And thus 
these operations continue, as can readily 
be traced from Fig. 24. 

Now when a piston makes a half- 
stroke, the change of volume of the re- 
ceiver and connections will not change 
by that amount alone, because two pis- 
tons are in action simultaneously, and 
the change of volume just referred to 
will be due to the combined movements 
of pistons, one of which (the H) is com- 
pressing, and the other (the L) is ex- 
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panding this volume. We observe that 
the high piston always compresses, and 
the low expands this volume. 

The letters a, b 9 c, d, etc, on Fig. 24, 
for any one letter denotes a single point 
of time, so that by referring to any single 
letter we can at once see the relative po- 
sitions of both pistons. The stretches 
between a and a\ c and c', etc., or b and 
b\ d and d% etc., indicate shifting of 
action from end to end. Thus, whan the 
exhaust is completed from one side of 
the H-piston, it immediately begins from 
the other side. 

For the simultaneous positions, a, we 
see that the L-piston is at midstroke, 
while the H-piston is exhausting. Just 
before beginning the exhaust, a, the to- 
tal volume in the receiver and connec- 

V 

tions is V +-^, and just after it is V 4- 

V 

-£'+ V., as can easily be traced. For the 

point b, the H-piston is at midstroke, and 
the L-cylinder is on the point of exhaust- 
ing and changing the volume from 
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V'+V 3 +^ to V' + ^, etc., etc. 

These changes of volume of receiver and 
connections are better shown in Fig. 25. 

The Complete Diagram. — The shaded 
areas of Fig. 25 are the indicator cards 
for the cylinders. The volumes indi- 
cated show to which either card belongs. 
All besides the shaded cards are con- 
struction lines used in obtaining the ex- 
pansion lines and cards. 

The lower part of the figure shows the 
variations in volume. AB=V is the 
volume of the receiver itself. At a we 
have the L-piston at midstroke, while 
the volume in the receiver and connec- 

V 

tions is V'+-y as shown. Also the EC- 
cylinder is ready to exhaust, and add the 
volume aa'=Y x . The line at a'b is the 
variation of volume in the receiver and 
connections for the half-strokes shown for 
a'b and ab in Fig. 24. Both pistons 
move for this, one to reduce, and the 
other to enlarge the volume considered. 
The result is an enlargement to the point 
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V 

b, or to the volume V' + V 2 + -£. Then 

the L-cylinder valves are reversed, and 
the volume £5'=V 2 is cut off, leaving only 

V 

V +'"s 1 . The volume b'c is due to com- 

bined two half-strokes similarly as in a'b. 
Then cc' is like aa\ etc. 

Now the expansion line for the change 
of volume a'b, or c'd, etc., is c'd above, 
in the upper part of Fig. 25. This is 
drawn from A as the zero of volumes. 
-Also the expansion line for b'c, or d'e, 
etc., is d'e above. For this the zero is 
also at A. "When the H-cylinder exhausts 
into the receiver and connections, the 
volume is raised from 

V' + X- 2 to v' + ^s + V,, or from C to D; 

the steam following from a high-pressure 
point, C, giving the expansion line O', 
the latter meeting the compression line 
ed'a' as shown. The resulting pressure 
is that for the point c\ The expansion 
from C is for a zero of volumes at D, as 
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will be understood after studying Figs. 
22 and 23. 

The diagrams are drawn at one side 
and the other, to avoid confusing the 
figure. 

Now as the H cylinder exhausts, the 
pressure becomes that at c', when the H- 
piston begins its back stroke with a like 
back pressure. Owing to an increase of 
volume during this back stroke, the line 
that would be a compression line for this 
cylinder alone, becomes a falling or ex- 
pansion line as shown ; first, as far as to 
d while the L-piston makes a half- stroke ; 
and then as continued to c for the other 
half, but with a diminishing volume in 
the receiver and connections. Hence, 
the lower line a'de of the H-cylinder card 
is a broken line as shown. 

The L-cylinder expansion line is in two 
parts also, that at d'e being due to the 
fall of pressure for the first half of stroke 
as traceable by lettering. At the mid- 
stroke there is a sudden rise of pressure 
cc\ due to the exhaust of the H-cylinder 
into the receiver. From this point ex- 
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pansion continues on a new line due to a 
different pressure and volume. 

Without entering into analysis, it is 
probably safe to predict that for an in- 
finite volume the pressure in the receiver 
will be the same as by (14) and other 
equations ; that is to say, the efficiency 
is still the same as previously given for 
an infinite receiver, and nearly so for re- 
ceivers relatively large. Hence, when 
the receiver is very large as compared 
with the cylinders, and when there is no 
cut-off to either cylinder, the efficiency of 
engine remains very nearly the same, 
irrespective of the piston motion or valve 
motion. Whether there be an advantage 
in any form of valve or piston motion, 
for a finite receiver over the infinite, will 
perhaps be best shown by the numerical 
results subsequently given. 

For the large receiver it is evident that 
expansion may be obtained equally well, 
either with equal strokes and unequal 
cylinders, or unequal strokes with equal 
cylinders, or both combined. 
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IX. — The Tandem Duplex Compound 
Pumping Engine. 

This engine differs essentially from the 
preceding by having four cylinders and 
no Receiver. 

Such an engine is shown in Pig. 0, in 
which there are four steam cylinders, 
two of one size and two of another size ; 
one large and one small cylinder are seen 
arranged in line of each one of the two 
piston-rods. The two on one piston-rod 
form one complete engine of the Woolf 
form. 

Thermodynamically, this engine might 
be treated without the consideration of 
duplex, because in reality there are too 
distinct engines in this form of duplex. 
We will treat one part as covering the 
whole in principle. 

Here one cylinder may be placed in 
line with the other, on a common piston- 
rod, and when so related the arrange- 
ment is -called "tandem." But the ar- 
rangement is immaterial, provided the 
strokes are co-terminous and without 
tarrying. The steam is to be delivered 
directly from the high-pressure cylinder 
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into the low, without the intervention of 
the receiver. Also, here the steam is 
supposed to be admitted to the H-cylin- 
der for the full stroke, and full pressure 
of boiler ; it is then to be exhausted, or 
transferred to the other cylinder during 
the whole stroke, which stroke is in com- 
mon for the two pistons. In this way 
the volume of steam which occupies the 
H-cylinder at the end of one stroke, is ex- 
panded to the volume of the L-cylinder 
by the end of the next stroke. 

Equation (15) is to be employed for 
this engine if there be no receiver ; or, 
in the existence of a receiver, even in- 
cluding the intermediate communicating 
pipe as such, equation (14) will apply. 

In these discussions the engine itself 
is the only part of the machine brought 
into account, but in the practice of steam 
pump engineering there are essential 
considerations relative to the pump as 
well, some of which have already been 
referred to. 

Numerical Kesults For Comparison. 

A few results have been computed and 
collected in the following table : 
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For the first column, (37) was used, 
and for the second (68) ; that is, the com- 
plete formulas were put to the test. 

The feed-water was assumed at the 
temperature 149° F., and the back press- 
ure 3.62 pounds per square inch, abso- 
lute. 

The exponent a was taken at | = 
1.3333, n at 1.0456, and for the tandem 
engine, m was taken at 1.135. The value 
of a is probably too high for ordinary 
practice where steam is likely to be su- 
persaturated ; probably the best value 
for practice lies between 1.1 and 1.2. 

In looking over the table we at once 
notice the glaring fact that the tandem 
engine excels all the other pumping en- 
gines in efficiency, and by a considerable 
percentage. At 23 pounds per square 
inch apparent pressure, the excess of 
efficiency of the tandem over the VI is 
about 17 per cent, of the efficiency of the 
latter. For 104 pounds per square inch 
apparent pressure, the same is about 32 
per cent. 

A second important fact respecting the 
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two valve movements, viz., that of the V 
and YI is that the latter is a high per- 
centage above the other. 

A third important fact appearing in 
the table, is that in the VI movement, 
the efficiency is a very considerable per- 
centage greater when the receiver is 
small than when it is infinite, a fact in 
support of the conclusions of solutions 
of VI and VII. Compare columns 5 and 
6. For the 5, the receiver is only twice 
a s large as the low pressure cylinder, and 
yet the efficiency here is from 8 to 10 per 
cent, higher than for the engine with an 
infinite volume. 

For V, however, the case is the reverse, 
but in a greater ratio ; that is to say, the 
efficiency is lowered from 13 to 17 per 
cent., by changing the receiver from an 
infinite volume to one only twice as large 
as the low-pressure cylinder. 

As to the value of n, it appears that 
the efficiency does not change materially 
when n changes from 1 to 1.0456. 
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McCULLOCH (Prof. R S.) Elementary Treatise on the Me- 
chanical Theory of Heat, and its application to Air and 
Steam Engines. 8vo, cloth 3 50 

MERRILL (Col. WM. E , U. S. A.) Iron Truss Bridges for 
Railroads. The method of calculating strains in Trusses, 
with a careful comparison of the most prominent Trusses, in 
reference to economy in combination, etc., etc. Illustrated. 
4to, cloth.. 5 00 

MICHAELIS (Capt. O. E., U. S. A.) The Le Boulenge 
Chronograph, with three lithograph folding plates of illus- 
trations. 4to, cloth 3 00 



MICHIE (Prof. P. S.) Elements ot Wave Motion relating to 
Sound and Light. Text- Book for the U.S. Military Acade- 
my.' 8vo, cloth, illustrated 5 o° 



MINIFIE (WM.) Mechanical- Drawing. A Text-Book of Geo- 
metrical Drawing for the use of Mechanics and Schools, in 
which the Definitions and Rules of Geometry are familiarly 
explained ; the Practical Problems are arranged, from the 
most simple to the more complex, and in their description 
technicalities are avoided as much as possible. With illus- 
trations' for Drawing Plans, Sections, and Elevations of 
Railways and Machinery; an Introduction to Isometrical 
Drawing, and an Essay on Linear Perspective and Shadows. 
Illustrated with over 200 diagrams engraved on steel. Ninth 
edition. With an Appendix on the Theory and Application 

of Colors. 8vo, cloth 4 00 

" It is the best work on Drawing that we have ever seen, and is 
especially a text-book of Geometrical Drawing for the use of^ Me- 
chanics and Schools. No young Mechanic, such as a Machinist, 
Engineer, Cabinet-maker, Millwright, or Carpenter, should be with- 
out it."— Scientific American. 

Geometrical Drawing. Abridged from the octavo edi- 
tion, for the use of schools. Illustrated with forty-eight 
steel plates. Fifth edition. i2mo, cloth 200 
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MODERN METEOROLOGY. A Series of Six Lectures, de- 
livered under the auspices of the Meteorological Society 
101878. Illustrated. lamo, cloth $150 

MORRIS (E.) Easy Rules for the Measurement of Earth- 
works, by Means of the Prismoidal Formula. 78 illustra- 
tions. 8vo, cloth ... 1 50 

MOTT (H. A , Jr.) A Practical Treatise on Chemistry (Quali- 
tative and Quantitative Analysis), Stoichiometry, Blow-pipe 
Analysis, Mineralogy, Assaying. Pharmaceutical Prepara- 
tions, Human Secretions, Specific Gravities. Weights and 
Measures, etc., etc., etc. New edition, 1883. 650 pages. 
8vo, cloth 4 00 

N AQUET (A.) I egal Chemistry . A Guide to the Detection of 
Poisons, Falsification of Writings, Adulteration of Alimen- 
tary and Pharmaceutical Substances, Analysis of Ashes, 
and examination of Hair, Coins, Arms, and Stains, as ap- 
plied to Chemical Jurisprudence, for the use of Chemists, 
Physicians, Lawyers, Pharmacists, and Experts. Translat- 
ed, with additions, including a list of books and Memoirs on 
Toxicology, etc., from the French. By J. P. Battershall, 
Ph.D., with a pretace by C. F. Chandler, Ph.D., M.D, 
LL.D. i2mo, cloth 200 

NOBLE (W.H.) Useful Tables. Pocket form, cloth 50 

NUGENT (E.) Treatise on Optics ; or, light and Sight, theo- 
retically and practically treated, with the application to 
Fine Art >nd Industrial Pursuits. With 103 illustrations, 
lamo, cloth 1 *o 

PEIRCE (B.) System of Analytic Mechanics. 4to, cloth 10 00 

PLANE ..ABLE < THE).. Its Uses in Topographical Survey- 
ing. From the Papers of the U. S. Coast Survey. Illustrat- 
ed. Zvc, cloth 2 00 

•'This work gives a description of the Plane Table employed at 

the U. S. Coast Survey office, and the manner of using it. 

PLATTNER. Manual of Qualitative and Quantitative An- 
alysis with the Blow-Pipe. From the last German edition. 
revised and enlarged. By Prof. Th. Richter, of the Royal 
Saxon Mining Academy. Translated by Prof. H. B. Corn- 
wall, assisted by John H. Caswell. Illustrated with 87 wood- 
cuts and one lithographic plate. Fourth edition, revised, 
560 pages. 8vo, cloth $00 

PLYMPTON (Prof. GEO. W.) The Blow-Pipe. A Guide to its 
use in the Determination of Salts and Minerals. Compiled 

irom various sources, iamo, cloth 1 50 

■ ■ ' The Aneroid Barometer: Its Construction and Use. 
Compiled from several sources. i6mo, boards, illustrated, so 
Morocco x 00 
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PLYMPTON (Prof. GEO. W.) The Star-Finder, or Plani- 
sphere, with Movable Horizon Printed in colors on fine 
card-board, and in accordance with Proctor's Star Atlas. . .$z oo 

POCKET LOGARITHMS, to Pour Places of Decimals, includ- 
ing Logarithms of Numbers, and Logarithmic Sines and 
Tangents to Single Minutes. To which is added a Table of 
Natural Sines, Tangents, and Co-Tangents. i6mo, boards, 50 
Morocco 1 00 

POOK IS. M.) Method of Comparing the Lines and Draught- 
ing Vessels propelled by Sail or Steam. Including a chap- 
ter on Laying-off on the Mould-Loft Floor. 1 vol. Ivo, with 
illustrations, cloth 5 00 

POPE (F. L.) Modern Practice of the Electric Telegraph. A 
Hand-Book for Electricians and Operators. Eleventh edi- 
tion, revised and enlarged, and fully illustrated. 8vo, cloth. 2 00 

PRESCOTT (Prof. A. B ) Outlines of Proximate Organic An- 
alysis, for the Identification, Separation, and Quantitative 
Determination of the more commonly occurring Organic 
Compounds. iamo, cloth '. i 75 

Chemical Examination of Alcoholic Liquors. A Manual 

of the Constituents of the Distilled Spirits and Fermented 
liquors of Commerce, and their Qualitative and Quantita- 
tive Determinations. i2mo, cloth . . 1 50 

First Book in Qualitative Chemistry. Second edition. 

i2tno, cloth X50 

PYNCHON (Prof. T. R.) Introduction to Chemical Physics, 
designed for the use of Academies,- Colleges, and High- 
Schools. Illustrated with numerous engravings, and con- 
taining copious experiments with directions for preparing 
them. New edition, revised and enlarged, and illustrated 
by 269 illustrations on wood. Crown 8vo, cloth. 3 00 

RAMMELSBERG (C. F.) Guide to a Course of Quantitative 
Chemical Analysis, especially of Minerals and Furnace Pro- 
ducts; Illustrated by Examples. Translated by J. Towler, 
M.D. 8vo, cloth .2 25 

RANDALL (P/M .) Quartz Operator's Hand-Book. New edi- 
tion, revised and enlarged, fully illustrated. i2mo, cloth.. . 2 00 

RANKINE (W. J. M.) Applied Mechanics, comprising; Prin- 
ciples of Statics, Cinematics, and Dynamics, and Theory 
ot Structures, Mechanism, and Machines. Crown 8vo, 
cloth. Tenth edition. London 500 

A Manual of the Steam-Engine and other Prime Movers, 

with numerous tables and illustrations. Crown 8vq, cloth- 
Tenth edition. London, 1882 500 

A Selection from the Miscellaneous Scientific Papers of, 

with Memoir by P. G. Tait, and edited by W. J. Millar, C.E. 
8vo, cloth. London, 1880. ;k..io 00 
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RANKINE (W. J. M.) A Manual of Machinery and Mill-work. 

Fourth edition. Crown 8vo. London, 1881 f 5 00 

Civil Engineering, comprising Engineering Surveys, 

Earthwork, Foundations, Masonry, Carpentry, Metal- 
works, Roads, Railways, Canals, Rivers, Water-works, 
Harbors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Baraber, C.E. 8vo. 
London, 1883 6 50 

Useful Rules and Tables for Architects, Builders, Car- 

penters, Coachbuilders, Engineers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, Typefounders, Wheelwrights, 
etc. Sixth edition. Crown 8vo, cloth. London, 1883 4 00 

and BAMBER (E. F.) A Mechanical Text-Book ; or, 

Introduction to the Study of Mechanics and Engineering. 
8vo, cloth. London, 1875 3 tfl 

RICE (Prof. T. M.) and JOHNSON (Prof. W. W.) On a New 
Method of Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. i2mo, paper 50 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov- 
ernment Survey, with a General view of the Geology of the 
United States, Essays on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of North America 
and Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 30 00 

ROEBLINGfJ. A) Long and Short Span Railway Bridges. 
Illustrated with large copperplate engravings of plans and 
views. Imperial folio, cloth 25 00 

ROSE (JOSHUA, M.E.) The Pattern-Maker's Assistant, em- 
bracing Lathe Work, Branch Work.Core Woxk.Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 2 50 

SABINE (ROBERT). History and Progress of the Electric Tel- 
egraph, with descriptions of some of the apparatus. Second 
edition, with additions, 12010, cloth 1 25 

SA£LTZER(ALEX ) Treatise on Acoustics in connection with 
Ventilation. 12010, cloth 1 00 

SCHUMANN (F ) A Manual of Heating and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing a series of Tables and Formulae for dimen- 
sions of heating, flow and return pipes for steam and hot- 
water boilers, flues, etc., etc. 121110. Illustrated. Full 
roan 1 50 

Formulas and Tables for Architects and Engineers in 

calculating the strains and capacity of structures in Iron 
and Wood nmo, morocco, tucks 2 50 
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SAWYER (W. E.) Electric-Lighting by Incandescence, and 
its Application to Interior Illumination. A Practical 
Treatise. With 96 illustrations. Third edition. 8vo> cloth .tj2 50 

SCRIBNER (J. M.) Engineers' and Mechanics' Companion, 
comprising United States Weights and Measures, Mensura- 
tion of Superfices and Solids, Tables of Squares and Cubes, 
Square and Cube Roots, Circumference and Areas of Cir- 
cles, the Mechanical Powers, Centres of Gravity, Gravita- 
tion of Bodies. Pendulums, Specific Gravity 01 Bodies, 
Strength, Weight, and Crush of Materials, Water-Whecls, 
Hydrostatics, Hydraulics, Statics, Centres of Percussion 
and Gyration, Friction Heat, Tables of the Weight of 
Metals, Scantling, etc., Steam and the Steam-Engine. 
Nineteenth edition, revised, i6mo, full morocco x 50 

— — — Engineers', Contractors', and Surveyors' Pocket Table- 
Book. Comprising Logarithms of Numbers, Logarithmic 
Sines and Tangents, Natural Sines and Natural Tangents, 
the Traverse '1 able, and a full and complete set of Excava- 
tion and Embankment Tables, together with numerous 
other valuable tables for Engineers, etc. Eleventh edition, 
revised* i6mo, full morocco 150 

SHELLEN (Dr. H.) Dynamo- Electric Machines. Translated, 
with much new matter on American practice, and many il- 
lustrations which now appear for the first time in print. 
8vo, cloth, New York (In press) • 

SHOCK (Chief-Eng. W. H.) Steam-Boilers : their Design, 
Construction, and Management. 450 pages text. Illustrated 
with iso wood-cuts and 36 full-page plates (several double). 
Quarto. Illustrated. Half morocco 1500 

SHUNK (W. P.) The Field Engineer. A handy book of prac- 
tice in the Survey, Location, and Track-work of Railroads, 
containing a large collection of Rules and Tables, original 
and selected, applicable to both the Standard and Narrow 
Gauge, and prepared with special reference to the wants of 
the young Engineer. Third edition. I2mn, morocco, 
tucks { 2 50 

SHIELDS (T. E.) Notes on Engineering Construction. Em- 
bracing Discussions of the Principles involved, and Descrip- 
tions of the Material employed in Tunnelling, Bridging, 
Canal and Road Building, etc., etc. i2mo, cloth 1 50 

SHREVE (S. H.) A Treatise on the Strength of Bridges and 
Roofs. Comprising the determination of Algebraic formu- 
las for strains in Horizontal, Inclined or Rafter, Triangular, 
Bowstring, Lenticular, and other Trusses, from fixed and 
moving loads, with practical applications and examples, for 
the ose of Students and Engineers. 87 wood-cut illustra- 
tions. Third edition. 8 vo, cloth 390 
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SIMMS (F. W.) A Treatise on the Principles and Practice of 
Levelling, snowing its application to purposes of Railway 
Engineering and the Construction of Roads, etc. Revised 
and corrected, with the addition of Mr. Laws's Practical 
Examples for setting out Railway Curves. Illustrated. 8vo, 
cloth S3 so 

STILLMAN (PAUL). Steam-Engine Indicator, and the Im- 
proved Manometer Steam and Vacuum Gauges— their Utility 
and Application. New edition. i2mo, flexible cloth i oo 

STONEY (B. D.) The Theory of Strains in Girders and similar 
structures, with observations on the application of Theory 
to Practice, and Tables of Strength and other properties of 
Materials. New and revised edition, enlarged, koyal 8vo, 
664 pages. Complete in one volume. 8vo, cloth 1250 

STUART (CHAS. B., U. S. N.) The Naval Dry Docks of the 
United States. Illustrated with 24 engravings on steel. 
Fourth edition, cloth 6 00 

The Civil and Military Engineers of America. With 0. 

finely executed portraits of eminent engineers, and illus- 
trated by engravings of some of the most important works 
constructed in America. 8vo, cloth 5 00 

STUART (B.) How to Become a Successful Engineer. Being 
Hints to Youths intending to adopt the Profession. Sixth 
edition, izmo, boards 50 

SWEET (S. H.) Special Report on Coal, showing its Distri- 
bution, Classification, and Cost delivered over different 
routes to various points in the State of New York and the 
principal cities on the Atlantic Coast. With maps. 8vo, 
cloth 3 00 

TEXT-BOOK (A) ON SURVEYING, Projections, and Port- 
able Instruments, for the Use of the Cadet Midshipmen at 
the U. S. Naval Academy. Nine lithographed plates and 
several wood-cuts. 8vo, cloth a 00 

TONER (J. M.) Dictionary of Elevations and Climatic Reg- 
ister of the United States. Containing, in addition to Ele- 
vations, the Latitude, Mean Annual Temperature, and the 
total Annual Rain-fall of many localities ; with a brief in- 
troduction on the Orographic and Physical Peculiarities of 
North America. 8vo, cloth 3 75 

TUCKER (Dr. J. H.) A Manual of Sugar Analysis, includ- 
ing the Applications in General of Analytical Methods to 
the Sugar Industry. With an Introduction on the Chemis- 
try of Cane Sugar, Dextrose, Levulose, and Milk sugar. 
8vo, cloth, illustrated 3 50 

j TUNNER (P.) A Treatise on Roll-Turning for the Manufac- 
ture of Iron Translated and adapted t>y John B. Pearse, 
of the Pennsylvania Steel-Works, with numerous engrav- 

J ings, wood-cuts, and folio atlas of plates 10 00 
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VAN WAGENEN (T. F.) Manual of Hydraulic Mining, for 
the use of the Practical Miner. i2mo, cloth $1 oo 

WALKER (W. H.) Screw Propulsion. Notes on Screw Pro- 
pulsion : Its Rise and History. 8vo, cloth 75 

WANKLYN (J. A.) A Practical Treatise on the Examination 
of Milk and its Derivatives, Cream, Butter, and Cheese. 
i2ino, cloth 1 00 

WATT (ALEX.) Electro-Metallurgy, Practically Treated. 

Sixth edition, with considerable additions, iamo, cloth 1 00 

WE1SBACH (JULIUS). A Manual of Theoretical Mechanics. 
Translated from the fourth augmented and improved Ger- 
man edition, with an introduction to the Calculus, by Eck- 
ley B. Coxe, A.M., Mining Engineer. 1,100 pages, and 902 
wood-cut illustrations, ovo, cioth 10 00 

WEYRAUCH (J.J.) Strength and Calculations of Dimen- 
sions of Iron and Steel Construction, with reference to 
the Latest Experiments, 12010, cloth, plates 1 00 

WILLIAMSON (R. S ) On the use of the Barometer on Sur- 
veys and Reconnoissances. Part I. Meteorology in its Con- 
nection with Hypsometry. Part II. Barometric Hypsom- 
etry. With Illustrative Tables and Engravings. 4to, cloth is 00 

Practical Tables in Meteorology and Hypsometry, in con- 
nection with the use of the Barometer. 4to, cloth 2 50 



Complete 112-page Catalogue of works in 
every department of science sent postpaid to 
any address on receipt of ten cents in postage 
stamps. 
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THE UNIVERSITY SERIES. 

No. i. ON THE PHYSICAL BASIS OF LIFE. By Prof. T. H. 
Huxley, LL.D., F.R.S. With an introduction by a Professor 
in Yale College. l2mo, pp. 36. Paper cover 25 

No. 2. THE CORRELATION OF VITAL AND PHYSICAL 
FORCES. By Prof. George F. Barker, M.D.,ofYale Col- 
lege. 36 pp. Paper covers. . 25 

No. 3. AS REGARDS PROTOPLASM, in relation to Prof. Hux- 
ley's " Physical Basis of Life." By J. Hutchinson Stirling, 
F.R.C.S. 72pp 25 

No. 4. ON THE HYPOTHESIS OF EVOLUTION, Physical 
and Metaphysical. By Prof. Edward D. Cope. i2mo, 72 pp. 
Paper covers 25 

No. 5. SCIENTIFIC ADDRESSES-i. On the Methods and 
Tendencies of Physical Investigation. 2. On Haze and 
Dust. 3. On the Scientific Use of the Imagination. By 

Prof. John Tyndali, F.R . S. iarao, 74 pp. Paper covers 2$ 

Flex, cloth , So 

No. 6. NATURAL SELECTION AS APPLIED TO MAN. By 
Alfred Russell Wallace. This pamphlet treats (i) of the De- 
velopment of Human Races under the Law of Selection ; 
(2) the Limits of Natural Selection as applied to Man. 54 pp. 25 

No. 7 SPECTRUM ANALYSIS. Three lectures by Profs. 
Roscoe, Huggins, and Lockyer. Finely illustrated. 88 pp. 
Paper covers 2", 

No. 8. THE SUN. A sketch of the present state of scientific 
opinion as regards this body. By Prof. C. A. Young, Ph.D., 
of Dartmouth College. 58 pp. Paper covers 2s 

No. 0. THE EARTH A GREAT MAGNET. By A. M. Mayer, 

Ph.D., of Stevens Institute. 72 pp. Paper covers 2^ 

Flexible cloth 50 

No. 10. MYSTERIES OF THE VOICE AND EAR. By Prof. 
O.N. Rood, Columbia College, New York. Beautifully il- 
lustrated. 38 pp. Paper covers 25 

Or together, 2 vols., cloth $2 50 
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VAN NOSTBAND'S SCIENCE SERIES. 

(x8mo, green boards. . Amply illustrated where the subject 
demands.) 

No. i. CHIMNEYS FOR FURNACES, FIRE-PLACES, AND 
STEAM-BOILERS. By R. Armstrong, C.E. Second edi- 
tion, enlarged » . 50 

No. 2, STEAM-BOILER EXPLOSIONS. By Zerah Colburn, . 50 

No. 3 PRACTICAL DESIGNING OF RETAINING WALLS. 
By Arthur Jacob, A.B 5P 

No. 4. PROPORTIONS OF PINS USED IN BRIDGES. By 
Charles Bender. C.E 50 

No. 5. VENTILATION OF BUILDINGS. By W. F. Butler. . . so 

No. 6 ON THE DESIGNING AND CONSTRUCTION OF 
STORAGE RESERVOIRS. By Arthur Jacob, A.B 50 

No. 7. SURCHARGED AND DIFFERENT FORMS OF RE- 
TAINING WALLS. By James S. Tate, C.E 50 

No. 8. A TREATISE ON THE COMPOUND ENGINE. By 
John Tufnbull, Jr. Second edition, revised by Prof. S. Vt. 
Robinson 50 

No. 9. FUEL. By C. William Siemens, D.C.L.; to which i« ap- 
pended the VALUE OF ARTIFICIAL FUEL AS COM- 
PARED WITH COAL. By John Wormald, C.E 50 

No 10. COMPOUND ENGINES. Translated from the French 
of A. Mallet 50 

No. 1 1 . THEORY OF ARCHES. By Prof. W. Allan 50 

No. 12. A THEORY OF VOUSSOTR ARCHES. By Prof. W. 
E.Cain go 

No. 13. GASES MET WITH IN COAL-MINES. By J. J. At- 
kinson so 

No. 14. FRICTION OF AIR IN MINES. By J. J. Atkinson ... 50 

No. is. SKEW ARCHES. By Prof. E. W. Hyde, C.E. Illus- 
trated so 



No. 16. A GRAPHIC METHOD FOR SOLVING CERTAIN 
ALGEBRAIC EQUATIONS. By Prof. George L. Vose. . . 50 

No. 17. WATER AND WATER SUPPLY. By Pro*. W T . H. 
Corfield, of the University College, London 50 

No. 18. SEWERAGE AND SEWAGE UTILIZATION. By 
Prof. W. H. Corfield, M.A., of the University College, Lon- 
don so 

No. 19. STRENGTH OF BEAMS UNDER TRANSVERSE 
LOADS. By Prof. W. Allan, author of "Theory of Arches" 50 
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No. 20 BRIDGE AND TUNNEL CENTRES. ByJohnB.Mc- 

Master.C.E 50 

No. 21. SAFETY VALVES. By Richard H. Buel, C.E 50 

No. M. HIGH MASONRY DAMS. By John B, McMaster, 

No. as. THE FATIGUE OF METALS UNDER REPEATED 
STRAINS, with Various Tables of Results and Experiments. 
From the German of Prof. Ludwig Spangenburgh, with a 
Preface by S. H. Shreve, A.M 50 

No. 24. A PRACTICAL TREATISE ON THE TEETH OF 
WHEELS. BV Prof. S. W. Robinson 50 

No. 25. ON THE THEORY AND CALCULATION OF CON- 
TINUOUS BRIDGES. By Mansfield Merriman, Ph.D 50 

No. 26. PRACTICAL TREATISE ON THE PROPERTIES 
OF CONTINUOUS BRIDGES. By Charles Bender, C.E. 50 

No. 27. ON BOILER INCRUSTATION AND CORROSION. 
ByF.J. Rowan 50 

No. 28. TRANSMISSION OF POWER BY WIRE ROPES. 
By Albert W.Stahl, U. S.N 50 

No. 20. STEAM INJECTORS. Translated from the French of 
M.LeonPochet *. 50 

No. 30. TERRESTRIAL MAGNETISM AND THE MAG- 
NETISM OF IRON VESSELS. By Prof. Fairman Ro- 
gers 50 

No. 31. THE SANITARY CONDITION OF DWELLING- 
HOUSES IN TOWN AND COUNTRY. By George E. 
Waring, Jr 50 

No. 32. CABLE-MAKING OF SUSPENSION BRIDGES. By 
W. Hildenbrand, C.E 50 

No. 33. MECHANICS OF VENTILATION. By George W. 
Rafter, C.E 50 

N». 34. FOUNDATIONS. By Prof. Jules Gaudard, C.E. Trans- 
lated from the French. 50 

No. 35. THE ANEROID BAROMETER: ITS CONSTRUC- 
TION AND USE. Compiled by George W. Plympton. 
Second edition ; 50 

No. 36. MATTER AND MOTION. By J. Clerk Maxwell, M.A. 50 

No. 37. GEOGRAPHICAL SURVEYING: Its Uses, Meth- 
ods, and Results. By Frank De Yeaux Carpenter, C E. 50 

No. 38. MAXIMUM STRESSES IN FRAMED BRIDGES. 
By Prof. Wm. Cain, A.M., C.E 50 

N0.30. A HAND-BOOK OF THE ELECTRO-MAGNETIC • 
TELEGRAPH. By A. E. Loring 50 

No. 40. TRANSMISSION OF POWER BY COMPRESSED 
AIR. By Robert Zahncr, M.E 50 

No. 41. STRENGTH OF MATERIALS. By Wm. Kent, C.E.. 50 
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No. 42. VOUSSOIR ARCHES APPLIED TO STONE 
BRIDGES, TUNNELS, CULVERTS, AND DOMES. By 
Prof. Wm. Cain 9 

No. 43. WAVE AND VORTEX MOTION. By Dr. Thomas 
Craig, of Johns Hopkins University .' 90 

No. 44. TURBINE WHEELS. By. Prof, W. P. Trowbridge, 
Columbia College .' „• 50 

No 45. THERMODYNAMICS. By Prof. H. T. Eddy, Univ«v 
sity of Cincinnati 50 

No. 46. KAC-MAKING MACHINES. From the French of M. 
Le Doux 50 

No. 47. LINKAGES ; THE DIFFERENT FORMS AND 
USES OF ARTICULATED LINKS. By J. D. C. De 
Roos 50 

No. 48. THEORY OF SOLID AND BRACED ARCHES. By 
Wm. Cain, C.E 50 

No. 49. ON THE MOTION OF A SOLID IN A FLUID.' 
ByThomas Craig, Ph.D 50 

No. 50. DWELLING HOUSES : Their Sanitary Construction 
, and Arrangements. By Prof. W. H % Corfield 50 

No. 51. THE TELESCOPE : Its Construction, etc. ByThos. 
Nolan — 50 

No. 52. IMAGINARY QUANTITIES Translated from the 
French of M. Argana. By Prof. Hardy 50 

No. 53. INDUCTION COILS : How Made and How Used. .. . 50 

No. 54. KINEMATICS OF MACHINERY. By Prof. Kennedy. 
With an introduction by Prof. R. H. Thurston 150 

No. ja. SEWER GASES : Their Nature and Origin. By A. De 
Varona 50 

No. 56. THE ACTUAL LATERAL PRESSURE OF EARTH- 
WORK. By Kenj. Baker, M. Inst, C.E 50 

No. 57. INCANDESCENT ELECTRIC LIGHTS, WITH PAR- 
TICULAR REFERENCE TO THE EDISON LAMPS AT 
THE PARIS EXHIBITION. By Comte Th. Du Moncel, 
Wm. Henry Preece, J. W. Howell, and others. Second edi- 
tion 50 

No. 58. THE VENTILATION OF COAL-MINES. By W. 
Fairley, M.E., F.S.S 50 

No. 59. RAILROAD ECONOMICS ; or, Notes, with Com- 
ments. By S. W. Robinson, C.E 50 

No. 60. STRENGTH OF WROUGHT-IRON BRIDGE MEM- 
BERS. By S. W. Robinson, C.E 50 

No. 61. POTABLE WATER AND THE DIFFERENT 
METHODS OF DETECTING IMPURITIES. ByChas. 
W. Folkard. .. 50 
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No. 6a. THE THEORY OF THE GAS ENGINE. ByDugald 
Clerk .........50 

No. 63. HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard 50 

No. 64. ELECTRO-MAGNETS. By Th. Du Moncel so 

No. 65. POCKET LOGARITHMS TO FOUR PLACES DE- 
CIMALS 50 

No. 66. DYNAMO-ELECTRIC MACHINERY. By S. P. 
Thompson. With notes by F. L. Pope 50 

No. 67. HYDRAULIC TABLES, BASED ON «' MUTTER'S 
FORMULA." By P. J. Flynn 50 

No. 68. STEAM-HEATING. By Robert Briggs. 50 

No. 69. CHEMICAL PROBLEMS. By Prof. J. C. Foye. Sec- 
ond edition, revised and enlarged so 

No. 70. EXPLOSIVES AND EXPLOSIVE COMPOUNDS. 
By M. Bertholet 50 
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VAN NOSTRAND'S 

Eclectic Engineering Magazine. 

. Large 8vo, Monthly. 
Terms, $6.00 per annum, in advance. 
Single Copies, 50 Cents. 



First Number was issued January i, 1869. 
VAN NOSTRAND'S MAGAZINE consists of Articles, Original 
and Selected, as also Matter condensed from all the Engineering 
Serial Publications of Euitope and America. 

TWENTY-EIGHT VOLUMES NOW COMPLETE. 

Notice to New Subscribers.— Persons commencing their sub- 
scriptions with the Twenty-eighth Volume (July, 1883), and who are 
desirous of possessing the work from its commencement, will be 
supplied with Volumes I. to XXVIII., inclusive, neatly bound in 
cloth, for $68 ; half morocco $100. Sent free by mail or express on 
receipt of price. . 

Notice to Clubs.-— An extra copy will be supplied, gratis, to 
every Club of five subscribers, at $5 each, sent in one remittance. 

This magazine is made up of copious reprints from the leading 
scientific periodicals of Europe, together with original articles. It is 
extremely well edited and cannot Tail to prove a valuable adjunct in 
promoting the engineering skill of this country. — New York World. 

No person interested in any of the various branches of the en* 
gineenng profession can afford to be without this magazine.— Tele- 
grapher. 

The most useful engineering periodical extant, at least for Ameri- 
can readers. — Chemical News. 

As an abstract and condensation of current engineering literature 
this magazine will be of great value, and as it is the first enterprise 
of the kind in this country, it ought to have # the cordial support of 
the engineering profession and all interested in mechanical or scien- 
tific progress. — Iron Age. 
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